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SHLE- DECODING 


new 
noncontact 
magnetic encoder 


MODEL NO. 807 
FEATURES: 


Output Code: 
Resolution: (per 
128 count 
Full Scale Capacity: 7 bits* 
Speed: operating from 0 to 
10,000 rpm 
Life Expectancy: 000 hours 
at 4,000 rpm; 4 x 109 revolution: 
Starting Torque: 0.1 in-oz. 
Diameter: 2” 
Length: 1 13/16” 
Weight: 5 ounce: 

"ALSO AVAILABLE 

BIT CAPACITIES. 


NEW CATALOG 
AVAILABLE iz 
write today 

for your copy 


max. 


w 


SIZ 8 


new 

Librascope 
shaft-to-digital 
encoders 


Librascope Shaft-to-Digital Encoders are highly accurate, reliable, shock-resistant, 


and versatile...ready to serve in a variety of upplications including missiles, 
aircraft, machine control, computers, Doppler navigation and data processing. 


Accuracy that counts is the by-word of a Librascope Encoder... backed by the 


superior technology and reputation of one of the world’s largest producers of 


Computers that Pace Man’s Expanding Mind. 


other popular Librascope encoders 


new 
subminiature 
size 8 encoder 


MODEL NOS. 787 & 793 


FEATURES: 


Low torque, low inertia, long 
life, high reliability, withstands 
severe environments. 
SPECIFICATIONS: 

Output Code: natural binary 
Resolution: (per input shaft 
turn) 128 counts 

Full Scale Capacity: 7 bits, 
Speed: operating 200 rpm, 
slew 600 rpm 

Life Expectancy: 2 x 106 
revolutions at 200 rpm 
Starting Torque: 

0.5 oz-in. maximum 
Diameter: .750” 

Weight: 3 ounces 


13 bits 


BURBANK BRANCH 
LIBRASCOPE Division 
GENERAL PRECISION, 
100 East Tujunga « Burbank, Calif. 


Full scale 
capacity 


13 bits 


Code Model no. 
Binary 773 
0-773 
710 
707 (707D*) 
713 (713D*) 
717 (7170") 
719 (719D*) 
| 0-713 


Binary 10 bits 
7 bits 
13 bits 
17 bits 
19 bits 


F- Self-Decoding | 


| 740 
723 (723D") 
724 (724D") 
733 (733D") 

| 734 (734D*) 

735 
757-S* 


inary 10 bits 
20,000 ” 
3,600 ” 

36,000 

360,000 ” 
4 quadrants 

per turn 
4 quadrants 

per turn 

8 bits 
**Servo driven, 


Gray it 708 
*Contain isolation diodes 
for multiplexing 


Dp 


For career 


John Schmidt 


2,000 counts 


Resolution 
per input 
shaft turn 


128 count 


oil-filled unit for increased life 


1024 counts 
128 


128 


1 


oil-filled unit for incre 


1024 counts 
200 ” 
200 ” 
200 
200 ” 
200 ” 

7 bits per quad- 
rant + limit 1 


8 bits per quad- 


rant + limit 1 
256 counts 


hermetically sealed 


opportunities, write 


Engineering Employment 
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“A 0.1% ACCURACY 
AC SOURCE! 


KIN TEL’s New AC Voltage Standard is 
Ideal For Use in Calibrating AC Instruments... 
Evaluating Magnetic Properties... 
Designing Servo and Gyro Equipment 


The KIN TEL Model 601A is an exceptionally stable and 
accurate source of AC voltage. It needs no external 
oscillator, contains no electromagnetic servos. Simply 
dial the desired frequency —60, 400, or 1000 cps —and 
adjust the RMS output in tenth-volt steps between 1 
and 501 volts. Use a multi-turn control to set the voltage 
between steps to a resolution of 100 microvolts. 


You can draw up to 25 watts from the output at any 
voltage between 5 and 501 — up to 5 amperes below 5 
volts — without distortion or loss of accuracy. Short 
term stability is within +0.01%, and the effective out- 
put impedance is on the order of 0.001 ohm. The output 
is completely guarded, floating, and isolated from the 
AC line and chassis ground. Write for detailed literature 
or demonstration. Representatives in all major cities. 
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OUTPUT VOLTAGE 1 to 501 volts RMS, adjustable 


in 0.1 volt steps and by multi-turn 
potentiometer to resolution of 100 xv 


60, 400, or 1000 cps within 1% 


Within +0.005 volt or 0.1% of 
dial reading 


VOLTAGE STABILITY 0.01% 
WAVEFORM DISTORTION <0.3% 


OUTPUT CAPABILITY 5 amperes up to 5 volts, 
25 watts above 5 voits 


On the order of 0.001 ohm 
(with constant load) 


PRICE $4500. 


seCrTrRronmic iwc 


OUTPUT FREQUENCY 
VOLTAGE ACCURACY 


OUTPUT IMPEDANCE 


5725 Kearny Villa Road 
San Diego 11, California 
Phone: BRowning 7-6700 
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EPSCO DELIVERS ITS SPECIFICATION: 





30 MILLION CONVERSIONS PER SECOND 


SPECIFICATIONS: 


MODELS AV-6B, AV-7B, and AV-8B — The electrical specifica- 
tions of these instruments are the same except for the number 
of binary bits in the output. The AV-6B is a 6 bit instrument, 
the AV-7B, 7 bit, and the AV-8B, 8 bit. 


Analog Input Voltage Range: 
Analog Input Current Range: 


Analog Input Impedance: 
Conversion Accuracy: 


Conversion Time 
Digital Output Form 
Digital Readout Voltage 


levels: 


Digital Output Source 
Impedance: 


Operating Controls: 
Size: 


Weight: 


Power Input: 


Operating Temperature Range: 


Indicators: 


0 to +10 V full scale 

0 to +100 ma full scale 
100 ohms (to match cables) 
+0.5% or 50 mv, which- 
ever is greater +% the least 
significant digit 

0.20 ws* (200 millimicro- 
seconds!) 

Parallel, semi-static for 0.1 
microseconds (minimum) 
OV = Binary one 

—6V = Binary zero 


600 ohms 

Power Switch 

Rack Mounting —5%”" h x 
19” wx 12" d 

Cabinet and Rack Models — 
15 Ibs. Special Package — 
Approximately 3% Ibs. 

105 to 125 V ac., 55 to 
65 cps, 50 watts 

—10 to / 50°C 

Power On 

Binary Code Readout 


WORLD'S FASTEST 
A/D CONVERTER 


Epsco’s new VideoVerter combines unprecedented speed — up to 
30 million conversions per second — with maximum simplicity of 
operation. Modular construction adapts easily to such manifold 
military, industrial and medical uses as: 

. Digitization and reconstruction of television and radar video . 
Precision measurement of asynchronous, fractional-micro- 
second, radar pulse returns . Electro-neurological studies 
Digital computer analysis of any wide-bandwidth analog phe- 
nomena .Space communications .Wide band-narrow band-wide 
band communications . High-speed transient pulse analysis 


Available in 3 standard models with numer- 
ous optional features. Write for bulletin 
describing the standard 5-megacycie 
models: AV-6B (6-bit binary), AV-7B (7-bit 
binary) and AV-8B (8-bit binary). 30 mc 
units, modifications of these 3 models, are 
available on special order. Binary coded 
decimal units also available. All models 
available for quick delivery. 


€pscov" __. 





CpSCON® 


*AV-7B add .030 usec for AV-8B and subtract same for AV-6B A division of Epsco, Incorporated + 275 Massachusetts Avenue, Cambridge 39, Mass. * UNiversity 4-4950 


2 CIRCLE-2 ON READER SERVICE CARD CONTROL ENGINEERING 





Control sara 
ENGINEERING 


Published for engineers and technical management men who are responsible for 
the design, application, and test of instrumentation and automatic control systems 





Analyze Nonlinear Controls with Saturation Functions 
S. MANABE of Mitsubishi Electric, Japan, uses saturation functions to obtain informa- 
tion about amplitude, period, and waveform of limit cycle directly in the time domain. 


Accurate Valve Sizing for Flashing Liquids 
A. J. HANSSEN of Conoflow Corp. presents specially constructed curves that permit 
an instrument engineer to size a valve for many flashing fluids with simple calculations. 


Two vs Three-Gyro Guidance Platforms—I: How They Compare 
E. M. FISCHEL of Kearfott examines the characteristics of the two types of inertial 
guidance platforms and gives recommendations for use depending on type of vehicle. 


Data File 45—Terminology for Analog to Digital Converters 
W. M. GAINES of General Electric and P. P. FISCHER of Westinghouse Electric 
define the major functional characteristics of voltage and shaft position converters. 


Transistorized Circuitry For Road Machinery Control 
T. J. BOWEN and R. M. WALP of Preco, Inc. control a road grader with simple 
transistorized circuitry that can be easily adapted to unmodified conventional machines. 


Seventeen Ways to Measure Acceleration 
H. B. SABIN of American Boscli Arma Cozp. categorizes the common and not so com- 
mon acceleration-measuring instruments and compares operating and other features. 


Safe, Reliable Process Monitoring—II 
R. SHERRARD of General Electric Co. concludes that customer-gained experience must 
be included in the specification so that vendors will produce a satisfactory system. 


What Industry Thinks of Fire-Resistant Fluids 
S. S. LIVERS of Controt ENGINEERING surveys experts in maker and user sides of 
hydraulic field, in fluid suppliers, and in insurance companies to see what they think. 


A Systematic Method for Verifying Relay Control Circuits 


]. WOLFF of The Martin Co. advocates a new checking technique that yields a state- 
ment of the operations performed by every relay in complex multirelay control circuits. 


INFORMATION SYSTEMS 


What’s Available for Digital Data ‘Transmission 


R. F. SHAW of Digitronics Corp. looks at the commercially available digital data proc- 
essing equipment intended for use with leased wire lines and toll exchange networks. 


Systems Talk Through Common-Language Pool 


W. ELLIS of Lockheed, G. R. JUSTUS of Beckman, and W. D. BELL of Mellonics 
employ a common-language information pool to integrate equipment for real-time control. 


Continued on next page * 





IDEAS AT WORK 
Recorder Checks Automobile Performance 
S. H. COOMBS of S. Sterling builds system to make car-performance recording easy. 


Memory Logic Allows Stepping Motor to Catch Up 
R. A. VICTOR of Univ. of Calif. can accept signal rate higher than the stepping rate. 


Counter Control Centers Conveyor Items 
D. F. STAUB of Edon Industrial Products finds center of items with random lengths. 


Hydraulics Half-Add Binary Numbers 
F,. D. EZEKIEL and R. J. GREENWOOD reveal logic element with no moving parts. 


Servoed Oscillator Outputs Counted for Phasemeter 
A. BERNSTEIN of Cubic Corp. converts phase information to a coded digital form. 





WHAT’S NEW IN THE CONTROL FIELD 

Newsbreaks in Control 

Electronic trading stamps; new trends in retailing; Burroughs’ new line; a pact wins. 
Control News Potpourri 

Computer on wheels; ultraviolet data beam; electronic vote counter; more thin films. 
Automatic Drafting Moves Closer 

Data processing equipment installed as high speed printer makes engineering drawings. 
Communication Satellites Mean Two New Control Problems 

A data transmission satellite must be tracked accurately and kept in the proper orbit. 
Japanese Instrument Show 

Nipponese makers eye current industrial boom today, aim for world markets tomorrow. 


Sophistication at Allis-Chalmers 
After several false starts, an old-line maker has new approach to systems engineering. 





Control Personality-WILLIAM A. SUMMERS 

Foresighted engineer influences evolution of integrated control of generating stations. 
Industry’s Pulse—How to Sell Europe’s Growing Market—II 
Continuation of January Pulse finds control field also booms in Italy and Switzerland. 
Editorial—Bugs and Humbugs 

A realistic approach to control systems engineering prevents bugs of quick solutions. 
New Product Developments 


Line of Size 5 servo components; unique recorder with strain gage balancing element. 


Abstracts of Technical Papers 


Investigation of control systems using time-sampled inputs and on-off load correction. 


10 Shoptalk 169 Bulletins & Catalogs 192 Meetings Ahead 
14 Feedback 189 New Books 195 Reprints 
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Model 737A shown with Model 732A Converter Plug-in 


———» Measure frequency dc to 220 mc 
——— Measure period to 0.1 microsecond 
——> Measure time interval 0.1 microsecond to 10’seconds 


———~» Count dc to 10 mc 


CMC, first with solid state reliability, 
announces the transistorized Model 737A 
frequency-period meter. 


Here, combined in one compact package weigh- 
ing a scant 53 pounds, are the functions of a high 
speed counter, frequency meter, and period meter. 
Sensibly priced at $2400, the Model 737A mates 
an all solid state counter with a plug-in vacuum 
tube heterodyne converter. 


Only 14” high, 17” wide, and 13” deep, CMC’s new 
Model 737A requires a mere 125 watts of power 
which in itself reduces operating temperatures and 
contributes to long trouble-free life. And except 
for the vacuum tubes, the new unit is uncondition- 
ally guaranteed for two years. 


NEW Your nearby CMC engineering representative 

will be happy to provide you with full tech- 

TECHNICAL nical, sales, and delivery information and 

arrange a demonstration at your conven- 

BULLETIN ience. For a free copy of our new technical 
TELLS ALL bulletin, please address Dept. 21. 


THREE PLUG-INS AVAILABLE 
1. 10 mc to 100 mc frequency converter; 2. 100 mc to 
220 mc frequency converter; 3. Solid state 0.1 micro- 
second to 10% second time interval section. 


Converter plug-ins $250 each. Time interval plug-in $300. 


FEATURES AND ADVANTAGES X Decade count 
down time base, frequency divider circuits never need 
adjustment. * Automatic decimal point. *® Nixie read- 
out available as standard option. % Stability, 2 parts in 
107 standard, 5 parts in 108 special. * Accuracy, +1 
count + oscillator stability. * Sensitivity, 0.25 v rms. 
%* Standardize against WWV. * Remote programming 
without special regard to cable length, type of cable, or 
impedance matching. * Printer output to drive digital 
recording equipment, punches, inline readout and other 
data handling gear, $80 extra 





Computer 
Measurements Co. 


A Division of Pacific industries 
12970 Bradley Avenue, Sylmar, California 
Phone: EMpire 7-2161 
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DYNASTAT 


= Wal sVameielht-imaal-laalelamelaelan 


that Provides: 


e INDEPENDENCE OF SPEED (can be.read out while standing still) 
¢ HIGH LEVEL OUTPUT (no low level signal amplifiers) 
*« CONTINUOUS ACCESS (eliminates buffer storage) 


NON-DESTRUCTIVE READOUT (no recirculating delay lines or 
registers) 


®The DYNASTAT 
drum operating 
principle is 
protected by 
various patents, 
both issued 

and pending. 


Here is a digital magnetic memory drum whose read heads respond to flux 
intensity rather than rate of change of flux. 


Because it is independent of rotational speed, the DYNASTAT drum offers 
new system possibilities in such applications as the programming of machine 
tools and automation equipment, master control of inspection, counting, con- 


«veying, and material handling, and synchronous parallel-to-serial reversible 
code conversion. 


Outstanding reliability stems from the unique bistable action of the read 
heads which permit a broad tolerance of spacing from the drum surfaces and 
which offer output levels that eliminate the need for signal amplification. 


Many system designs show important economies when the DYNASTAT 
drum is introduced. Find out how you can profit from the use of DYNASTAT. 
For complete product information and its application to your need, write or 
telephone Mr. Charles M. Colt, Pioneer 3-6721, DDD Code 203. 


CONSOLIDATED CONTROLS CORPORATION 


BETHEL, CONNECTICUT 


Ld 
7 AMember INGLEWOOD, CALIFORNIA 
of The Condec Group 
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8 position 24 position 


1/25 sec. 
to 1/35 sec. 


The Ledex Rotary Selector Switch 
is a compact, highly efficient power- 
operated circuit selector or stepping 
switch, designed for remote control. 
Nearly unlimited design combina- 
tions permit great variety of applica- 
tions for stepping, counting, adding, 
subtracting, programming and se- 
quencing. Manystock models on hand 
for immediate shipment. Hermeti- 
cally sealed models also available. 

Power source is the Ledex Rotary 
Solenoid. This unit gives highest- 
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1 circuit, 
12 positions 


elector Switch 


BASIC INFORMATION 


3 circuits, 
4 positions each 


torque-to-size rotary motion. Ap- 
plications for Rotary Solenoids 
include actuation of valves, vanes, 
shafts, and other mechanical loads. 

Also Ledex Syncramental Step- 
ping Motors for accurate, reliable 
shaft indexing. 

Write for literature, mentioning 
application, to Ledex, Inc., Dayton 
2, Ohio; Marsland Engineering, Ltd., 
Kitchener, Ont.; NSF Ltd., 31 Alfred 
Place, London, Eng.; NSF GmbH, 
Nurnberg, Germany. 
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The Honeywell Control Valve (foreground) 
regulates flow of Bunker C fuel oil 

burner in a chemical process drying 
system. In the background, a Honeywell 
diaphragm actuator operates a damper 

for control of hot air return. Nothing 
spectacular going on here, but the 

results of the entire process could well 
depend on these valves. 


The final results—the payoff of the 
process—are dependent not just on how 
well these valves are made, not just on 
their capacity or sensitivity, but on all of 
these things combined . . . plus the process 
control knowledge that first put 

them to work, and the know-how that 
keeps them on the job. 


Here, as in all Honeywell Control 

Valve applications, every aspect of valve 
performance has been considered in 
relation to the overall control 

system. It is this “‘whole picture” approach 
that sets Honeywell Control Valves 

apart, and rewards you with better 
processing. 


Write today for your copy of our checklist, 
“25 Ways to Be Right”. . . in 
selecting control valves. 


MINNEAPOLIS-HONEYWELL, Fort 
Washington, Pa. 


HONEYWELL INTERNATIONAL 

Sales and Service offices in ali principal cities of 
the world. Manufacturing in United States, 
United Kingdom, Canada, Netherlands, 
Germany, France, Japan. 





Photographed at Davison Chemical Company, 
a division of W. R. Grace & Company. 











Honeywell 
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munsenin CU] tra- 
sensitive 
relays 


BARBER 
COLMAN 


HELPFUL DATA FOR YOUR 
CIRGUITRY IDEA FILE 


The circuit drawing below indicates 
just one of the hundreds of ways many 
manufacturers utilize Micropositioner® 
polarized relays to solve complex 
control problems. 


REGULATED SOURCE 


ADJUSTABLE SPEED CONTROL WITH 
TWO-COIL MICROPOSITIONER® 


The output of a d-c tachometer gener- 
ator (such as a Barber-Colman type 
BYLM) coupled to the rotating shaft, 
whose speed is to be regulated, is im- 
pressed on one coil of a_ two-coil 
Micropositioner. 


The other coil is supplied with an ad- 
justable input from a regulated source. 
The contacts operate appropriate de- 
vices to raise or lower the speed of the 
shaft being controlled. 


If your projects involve similar types 
of control, why not test the Micro- 
positioner in your circuits? Write for 
technical bulletins. 





BARBER-COLMAN 
MICROPOSITIONER® 
POLARIZED D-C RELAYS 


Operate on input 

power as low as 

40 microwatts. 

Available in three 

types of adjust- 

ment: null seeking 

.. magnetic latch- 

ing ‘‘“memory”’.. . 
and form C break- , | 
make transfer. Also transistorized types 
with built-in preamplifier. Write for | 
new quick reference file. 








BARBER-COLMAN COMPANY | 


DEPT. N, 1848 ROCK STREET, ROCKFORD, ILLINOIS 
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SHOPTALK _ 


Special report on transistor switching 


Just as in 1956, when many companies were pressing to 
put on the market static magnetic devices packaged for indus- 
trial switching, now some of these same companies and 
others besides are beginning to sell transistorized switching 
modules and systems to satisfy the increasing demand for 
reasonably priced, reliable industrial static switching devices. 
Next month’s issue will feature a special report on industrial 
industrial transistor switches. Basic operation, available 
equipment, and typical applications are only a few of the 
areas that will be covered. Look for it! 


What do you think of fire-resistant fluids? 


If you haven’t had experience with these controversial 
fluids—or even if you have—don’t miss reading “What Indus- 
try Thinks of Fire-Resistant Fluids,” page 116. The survey 
was put together by Assistant Editor Livers and McGraw- 
Hill News personnel from personal interviews of engineers 
and insurance underwriters. It’s a well rounded cross-section. 

One tidbit from Bruce Cross of Midwest News Bureau 
that arrived too late to be included in the story points up 
the subject. A Chicago manufacturer used non-fire-safe fluids 
for many years without accident. One day a flexible hose on 
a hot-heading machine ruptured, hydraulic fluid sprayed over 
the machine, contacted hot metal and ignited. The fire 
spread almost instantly to the hydraulic accumulator about 
50 ft away and a witness described the result “as one big ball 
of flame.” Total loss: well over $1 million. Since then they 
have switched completely to fire-resistant fluids. No insurance 
company has since refused them coverage. 


He put the electronics into computers 


Robert F’. Shaw, now vice president 
of Digitronics Corp., started design- 
ing electronic computers early. His 
background sounds like the computer 
family tree. After an AB in physics 
from Princeton and graduate work in 
EE at Moore School of Electrical 
Engineering he participated in the 
logical design, circuit design, and test 
of major portions of the ENIAC, first all-electronic digital 
computer, in 1943—18 years ago. Then in order came the 
EDVAC, IAS computer, Binac, Univac, Ordifiac, Elecom 
100, Elecom 120, and Elecum 125. In 1957, when Under- 
wood Corp. decided to get out of the computer business, 
Bob joined others in the Computer Division management 
and started Digitronics. Lately he has been interested in 
digital data transmission equipment, a topic he covers 
thoroughly in the article on page 127. 
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LIFEGUARD STATION 


for a man in space 


The vital Cape Canaveral nerve center for Project Mercury, the U.S. program to put a man in 
space, is being designed and built by Stromberg-Carlson-San Diego. Display information 
about the flight will be fed to the operations room from computers and from a world- 

wide network of tracking and telemetry stations. One wall of the 40 by 60 ft. 

operations room will be a large map display, visually summarizing all pertinent 
information about the flight. It will show the capsule moving along its orbital 


flight path around the earth and will also show the location, range and status 
of all ground based equipment and communications links. The operations 
room will contain display consoles presenting information to the Flight 
Director, Chief Flight Surgeon, Capsule Communicator, Flight 

Dynamics Officer and other decision-making personnel. For 

information on how Stromberg-Carlson-San Diego can help 

solve your data/display problems, write to Department 

B-19, 1895 Hancock Street, San Diego 12, Calif. 

Telephone CYpress 8-8331. 


STROMBERG -CARLSON -SiAN DIEGO 
acivision or GENERAL DYNAMICS CORPORATION 
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On command from the card reader (left above) the skate wheel Main control panel shows status of mail tray flow on conveyors. 
assembly turns, sending the tray where it is supposed to go. The inspector can tell at a glance which sorting station needs mail. | 


—— eo. ee, BS 


The Cutler-Hammer skate wheel assemblies can 
be supplied in any width to meet varying convey- 
ing situtations. 








| 


What's new in control for automation? 


How an idea and a roller skate wheel 
doubled the capacity of the 


Denver Post Office Conveyor System 


Cutier-Hammer solution can aiso 
be used to increase capacity of 
industrial Conveyor lines. 


The assignment was to engineer a “‘Mail- 
Flo” system into the new Denver Post 
Office. This system is a method of routing 
mail from one sorting station to another 
on series of conveyors. 


Displaying the kind of ingenuity that 
has increased the efficiency of many other 
materials handling systems, our engineers 
developed an idea involving a unique roller 
skate wheel assembly that doubled the 
system’s capacity. 


Formerly, metal arms were used as 
diverters to shunt the mail trays from one 
conveyor to another. There had to be at 
least a tray space between the trays to 
allow the arm to move back and forth. 
Cutler-Hammer engineers devised a sim- 
ple, inexpensive diverter using a roller 
skate wheel assembly that- allowed the 


trays to follow one another with little 
space in between. Result? A ‘“‘Mail-Flo” 
system with twice the capacily and no increase 
in cost. 


The importance of the electrical 

control man. The control man can 
bring to your automation planning team 
experience from hundreds of different auto- 
mation problems—small and large—and 
from many different industries. The earlier 
you call him in the better. He can save 
false starts. He can help you develop the 
most efficient methods to automate at 
the lowest practical costs. 


What's new from Cutler-Hammer. 
We're ready for the great technological 
growth of the sixties with new, better 
products, new engineering talent, new 
plant capacity—in fact, a new spirit. 
We'd like to show you how we could help 
you with your plans for automation. Put 
in a call to the nearest Cutler-Hammer 
sales office. Do it soon. 


Automation is more efficient when the Cutler-Hammer man is called in early 


WHAT’S NEW? ASK... 


CUTLER-HAMMER 


| oe 


Cutler-Hammer tnc., Milwaukee, Wisconsin « Division: Airborne Instruments Laboratory » Subsidiary: o~ 


Hammer International, C. A. Associates: Canadian Cutler-Hammer, Ltd.; Cutler- Hammer Mexicana, S. 
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Direct 
Writing 


© Light Beam 


1 to 6 Channels 


MORE DATA PER DOLLAR 


Inexpensive Tungsten 
Light Source 


x Electrically Selectable 
Speeds 


ge > it 10” 
and 50” per second 


Sensitivities from 
4 Mv/inch 


2000 Cycles per 
Second Frequency 
Response (+ 5%) 


tAmplitude Grid Lines 
Weight 15 Ibs. 

%110 Volts — 60 Cycles 
TESTING 
ANALYSIS CORRELATION 
Request Bulletin CEI-322 
© 
From The Home of Planned Pioneering 


century 


ELECTRONICS & INSTRUMENTS, INC. 


Pp R 4214 


e Serviced by Systems Engineering Offices of 
Alirsupply Aero Engineering Company 


Offices in All Principal Cities 
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FEEDBACK 


How is it done in Russia? 
To tHE Eprror— 

On page 27 of the August issue 
there are two references to analog 
computer usage by the Russians. We 
would appreciate additional informa- 
tion from Derek Barlow (author of 
story) on the application of analog 
computers to control of electric power 
generation and distribution. 

E. W. Sheridan 
Link Div. of GPI 
Binghamton, N. Y. 
The analog computer controls least- 
cost supply of power to a distribution 
network. Each generating station is 
represented by a function generator, 
whose input voltage analogs incre- 
mental cost and output current ana- 
logs the power supplied. All the func- 
tion generator output currents pass 
through a passive network for simu- 
lation of transmission network losses. 
A meter adds outputs to show the 
total load. 

Operation is based upon the cri- 
terion that at the optimum setting the 
incremental costs of all stations must 
be identical. The criterion is met by 
manually adjusting one voltage fed to 
all function generators, until the total 
load meter indicates that the total 
load is met. Meters at individual 
function generator outputs then indi- 
cate the optimum load for each sta- 
tion; a teletype transmits this infor- 
mation to the actual station. 

The computer is used for both 
instantaneous load and for prediction 
of 24-hour load. Derek Barlow. 


Wants industrial static switching 
To THE Epiror— 

We ask your advice on a problem: 
could you supply the names of any 
manufacturers of static switching sys- 
tems that are used to switch resistance 
thermometers and strain gage net- 
works? If there are any articles on this 
particular problem, we would be most 
interested to know of them. 

K. A. Middleton 
Philips Flectrical Inds. Pty, Ltd. 
Sydney, Australia 

Pages 10 and 11, August 1960 
issue list several manufacturers of 
computer-type __transistorized _ logic 
modules that may be used for your 
purpose. (Proper division of Epsco is 
Epsco Components.) In addition, the 
Square D Co. of Milwaukee, Wis., 
manufactures an industrial line of 
transistorized NOR logic modules 
with the trade name Norpac. 


If you would prefer static switch- 
ing devices using magnetic amplifier 
circuitry, the following companies 
have been supplying these devices 
packaged for industrial application for 
some years; Industry Control Dept., 
General Electric Co., Roanoke, Va.; 
General Purpose Control Dept., Gen- 
eral Electric Co., Bloomington, IIL; 
Westinghouse Electric Co., Pitts- 
burgh, Pa.; and Magnetics, Inc., But- 
ler, Pa. Ed. 


Profits from report; wants reprints. 


To THE Eprror— 

I am privileged to be the instructor 
in our Air Reserve Officer Training 
Course for research and development 
officers. We are presently getting to- 
gether resource materials to be used 
in the course in the coming year. 
Having read with interest and personal 
profit the special report on “System 
Characteristics of Modern Guidance 
Techniques” which appeared in your 
August issue, I would like to inquire as 
to the possibility of securing a dozen 
reprints to be used by the students in 
our course. 

L. E. Kanous 
Capt., USAFR 
Madison Heights, Mich. 

We are glad to offer reprints of 
the special report; see page 165 for 
order blank. Ed. 


Has progress and product. 


To THe Epiror— 

We read with great interest the 
story “Smog Instrumentation: Apathy 
Numbs Progress”, by D. Winston and 
M. Murphy in the September issue of 
ConTROL ENGINEERING (pp. 30-35). 
The authors state (p. 35) that 

. specialists would like to see a 
field instrument capable of measuring 
low concentrations of hydrocarbons 
right at the point of emission.” In 
connection with this statement, I 
would like to mention that such an 
instrument already exists. It is our 
Model 213 hydrocarbon detector, built 
especially for the analysis of low con- 
centrations of total hydrocarbons di- 
rectly at the point of emission. 

Leslie S. Ettre 

Product Specialist, Chromatography 

The Perkin-Elmer Corp. 
Norwalk, Conn. 


The Perkin-Elmer and Beckman 
instruments were exhibited at the ISA 


““c 


CONTROL ENGINEERING 








‘~S 


“THIS RELAY 
WILL GIVE US | 
300 MILLION 
OPERATIONS, JOE” 










HERE’S WHY Pa2B TELEPHONE TYPE RELAYS GIVE YOU 
reliable performance over iong life 


by “ie cass Heavy Duty Frame BS SERIES ENGINEERING DATA 
Armature Pin Bearing shows 4 ot - ; maintains dimensional , 
only .0005” increase in clearance : = stability, adds to 


after 300 million operations = relay's sensitivity. 


SS—S—SSS—— 


+ 


Husky Armature Arm 
prevents sagging 


or bending. BS SERIES TELEPHONE TYPE 


A 


GENERAL: 
Breakdown Voltage: 1000 volts rms 60 cy. min. Lead: 4 amps at 115 volts, 60 cycle resistive 
between ail elements. Pressure: 15 grams minimum 


: Se a Ambient Temperature: —55° to +85° C. 
Measure the thickness of the BS series armature IIe enchdio on soaries enter. coms: Ce TEEN 
Weight: 9 to 16 ozs. stance: ‘ 


; . Current: 10 amps maximum 
. ° . ° = paoyty-h 4 Power: DC—50 Milliwatts per movable arm. 
than ordinary relays of this type. Here is the kind Contacts: Two 418 AWG wires Greater sensitivity on special order. 
. oa: Enclosures: Dust covered or sealed Duty: C ae 9 volt-amps. 
of quality that spells dependability. CONTACTS: uty: Continuous 
a 3 " Arrangements: DC—up to 28 springs Treatment: Centrifugal impregnation 
Observe that the stainless steel hinge pin runs AC—up to 24 springs Voltages: DC—up to 300 volts with series 
. ‘ Material: 4," dia. twin palladium. resistor. AC—up to 250 volts, 60 cy. 
the full width (not just half) of the armature, pro- Up to 14” dia. single silver. MOUNTING: Two #8-32 tapped holes 3” o.c. 
; Other materials on special order. Other mountings on special order. 


arm. You will find the cross section area is greater 


viding optimum bearing surface. This pin, operat- 


ing in a stainless steel sleeve, shows only minimal 
wear during nearly a third of a billion operations. 

Best of all, P&B quality costs no more. A whole 
new plant is being devoted to the production of GS SERIES—Excellent sensi- LS SERIES—Medium coil relay TS SERIES—Short coil relay is 
high performance telephone type relays. Your near- —_—minmum (Dc), For apoics, weight armature Tor feet eaiapte in AC and DC versions. 
est PaB sales engineer will be happy to discuss your furyasmNamisutey,  sebonrelabyandlongie, supped OC) ih up To 20 
relay problems. Call him today. P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


G?) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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RELAYS « 


when you 
are up a tree 





because of a 


Get in touch with 


HERMETIC SEALING 


SOLENOIDS 


(Somar 


Simplify your relay problems. .. avoid 
costly delays... put your relay requirements 
in the hands of trained, competent 
engineers at Comar. A variety of standard 
basic designs are available at Comar which 
can be modified to give you any desired 
combination of coils, switch arrangements, 
contact materials, insulation and 

mounting. This can save you time and 
money. Whatever your requirements may 
be, Comar can provide you with relays 
custom-matched to your product. Send 
details and get our recommendations 
quickly ... without obligation. Write today. 


ectric 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


COILS + SWITCHES + HERMETIC SEALING 
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FEEDBACK 


shows in San Francisco (May 1960) 
and New York (Sept. 1960) and at the 
exhibit during the Annual Conference 
of the Air Pollution Control Asso- 
ciation in Cincinnati (May 1960). Ed. 


Think in eights, work in twos. 


To THE Eprror— 

Mr. Ed Bukstein’s letter to the 
editor (Sept. 60, p. 18) treated the 
subject of Binary to Decimal Con- 
version very ably. However, he failed 
to explain that engineers using binary 
computers think in the octal number 
system rather than the binary sys- 
tem. Binary numbers are easily con- 
verted to octal by partitioning the 
numbers in groups of three (i.e., 1,- 
010, 001, 100 binary) then converting 
directly to octal. 


EXAMPLE Binary Octal 
1 1 
010 2 
001 1 
100 = 4 
or 1,010,001,100 binary = 1214 octal 
usually written (1,010,001,100), = 
(1214). 
A simple technique for conversion 
from octal to decimal follows: 


Assume an octal number N = A,r*... 
Agr? + Ajr' + Aor 
Where r = (10)s and A, = 0,1,2...7 
andn = 10—8 =2 
Then using decimal arithmetic: 
No —_ 2A,r=—1 = N,; = B,r. e By a Bor® 
Ni sass 2 Bar? = N; 
N, — 2 Bp,r = N decimal 
EXAMPLE 


1,214 octal 
1X 2X 10? = —200 


10,14 
—200 


81,4 
—162 


652 decimal 


This technique can be proved 
mathematically by collecting terms in 
the following relationship: 
Aar®+...A2or+A)r + Apr = 

BaS™+...+ B28 +B, S' — BS 

Where r = and S = 10 


(decimal 
number) 


10 X 2X 10' = 


81 X 2 X 10° 


I suggest anyone interested in num- 
ber systems refer to the November 
1955 issue of ConTrOL ENGINEERING, 
pages 82-89, for one of the best de- 
scriptions of “Orderly Number Sys- 
tems” I have found. 

George Etsell 
Pacific Power & Light Co. 
Portland, Ore. 
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BRYANT MEM 
FOR EVERY 
STORAGE 
APPLICATION 


Whatever your immediate or long- 
range computer requirements, Bryant 
is equipped to provide ‘right now’”’ 
response to your needs for prompt 
delivery of custom-designed memory 
drums, standard storage units, read/ 
record heads, and other precision 
memory system components. 


Remember—Bryant Magnetic Mem- 

ory Drums offer these special 

features: 

e Time-proven reliability 

e Super-precise ball bearing 
suspension 

e Dynamic runout less than .0001” 

e Dynamically balanced at operating 
speed 

e Precision integral-drive 
induction motors 

e Exclusive tapered drum design 


For more detailed information, or if 
you'd like to discuss your particular 
storage drum application problems, 
contact your Bryant Representative, 
or write direct. 


61-35-CP 


COMPUTER PRODUCTS 


852 LADD ROAD + WALLED LAKE, MICHIGAN ¢ MArket 4-4571 


A DIVISION OF EX-CELL-O CORPORATION 


EX-CELL-O FOR PRECISION 
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Specify Radiamatic Infrared Detection Systems 


for dependable, economical temperature 


For more than 20 years, Radiamatic Infrared Systems 
have been giving reliable, accurate service in every area 
of industrial temperature measurement and control. Over 
the years Honeywell has developed special infrared tech- 
niques and equipment for a wide range of applications, 
including heat treating furnaces, soaking pits, induction 
heating and melting furnaces, forging furnaces, high- 
speed salt baths, kilns, and many others. 


The key to the high accuracy and low cost of these sys- 
tems is the Radiamatic Infrared Detector. Available in 
many models with a full line of accessories, these de 
tectors measure temperatures from 200°F up to 7000°F, 
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measurement and control 


A complete line of Honeywell instruments and accessories 
assures you of both economy of selection and a control 
system tailored exactly to your temperature requirements. 


Your nearby Honeywell Field Engineer will be glad to 
discuss your temperature measurement and control prob- 
lems with you. MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pennsylvania. 


Honeywell 
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..OMNICORDER 


A PRECISE MINIATURE INKLESS RECORDER 


= INEXPENSIVE" REPLACES METERS OR INDICATORS" PANEL OR BULKHEAD MOUNTED 
= BUILT-IN VARIABLE CHART SPEED" JUST 334” X 334" X 3°" RECORDS ANY VARIABLE 


For complete information 
on this rugged, 
maintenance-free 
Omanicorder, 

write for Catalog 3057. 
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Now you can take advantage of a new, economical means of recording any 
variable that can be converted to an electrical signal. Thanks to Omnicorder, you 
need no longer rely on meters or indicators, even where cost factors 

or space restrictions would ordinarily dictate the use of these instruments. 


Measuring just 354” x 334” x 3”, Edison’s Omnicorder, a unique circular chart 
recorder, is so compact that nine units occupy just one square foot of space. 
Thoroughly legible, yet requiring no ink, pen or ribbon, Omnicorder is equipped 
with a simple three-speed chart adjustment. It provides a choice 

of these sequences: one hour, seven hours and thirty hours per 

revolution—or one day, seven days and thirty days per revolution. 


Omnicorder’s simple, inexpensive construction assures dependable operation and 

a long, maintenance-free life. Four types of meter movements are available to 
measure a wide range of AC and DC electrical quantities, ranging from thermocouple 
outputs to currents as high as 600 amperes with accessory current transformers. 

No amplification is ever required, even for signals as low as 10 microamps. 


Stylus operates through this slot. 
The measuring system is sealed off 
from any careless tampering. 


¢ 

“9 ©, 
Loe 

/) 


\ 
EDISON | 


Zero Set Screw: Adjustment 
is made when measuring system is 
not printing and when the 

ACTUAL SIZE circuit to be recorded is disconnected. 





Thomas A. Edison Industries 
INSTRUMENT DIVISION 


38 LAKESIDE AVENUE, WEST ORANGE, N. J. 
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A CONTROL PERSONALITY 


William A. Summers 


made an idea work 


Proposed control system for an automatic electric 
generating station: take a digital computer with 
extensive, flexible memory; add miniature electronic 
instruments, pressure gages, switches, recorders and 
controllers; install special equipment to display 
trend and other interpretative information on plant 
operation; and then connect these components into 
a reliable system to make all operating and safety 
decisions for the plant. 

Such an advanced control system is now being 
installed in a power plant. But the initial concept, 
as laid out here, was formulated twelve years ago, 
before most of the hardware to carry it out was 
available. This radical approach was the brainchild 
of William A. Summers and J. B. Rice, two bold 
engineers at Ebasco, the engineering firm that spe- 
cializes in power plant design. In 1949, toying with 
the utilities’ perpetual problem—how to deliver 
power to the consumer reliably—they decided that 
a fully automatic generating plant was the answer. 
In the past twelve years, Bill Summers has helped 
bring the concept to fruition through a series of 
plant designs that have advanced the state of the 
art step by step. And today’s modern installation, 
he proudly points out, is almost identical with that 
1949 plan. 

When he joined Ebasco in 1948, after graduating 
from Cooper Union in New York, Bill Summers 
brought to the engineering firm what was a new and 
unusual discipline for Ebasco. He was a chemical 
engineer, hired to join an embryo organization that 
was to specialize in the design of chemical plants. 
But for work, Summers found himself assigned to 
Ebasco’s mechanical engineering department, work- 
ing on electric generation stations. 

Swaved by a background in electronics, gained 
during a two year war-time assignment at the Naval 
Research Laboratory, Summers found his interest 
in power plant design centering about control prob- 
lems. During those freshman years, he pursued 
special studies in turbine, combustion, and safety 
control. Culminating his indoctrination in the 
power plant field, he wrote a 26 volume operating 
manual for a new generating station. 

To develop his 1949 idea of an automatic generat- 
ing station he discovered, he had to prove that utili- 
ties could benefit from less-than-ultimate control 
systems, thus selling his approach little by little. 
In 10 years he marched through the design of sta- 
tions whose generating capacity would total over 
5 million kw. 

P In 1952, anticipatory load control—now a com- 
mon feature—was introduced at Kansas City Power 
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and Light Company’s Hawthorne plant. 

> By 1954, Summers developed the first integrated 
safety and control system for a six-unit coal-fired 
station at Electric Energy's Joppa plant. 

> In 1957, he integrated a complex decision-mak- 
ing system with the analog control system to make 
a steam plant easier to run. 

> In 1958, installation of a computer at Louisiana 
Power and Light’s Sterlington Station to log oper- 
ating guides and heat rates proved the reliability 
of solid state digital machines for power plant opera- 
tion. In fact operation was so satisfactory, in 1959 
Summers recommended the same kind of computer 
for installation at Carolina Power and Light’s new 
H. B. Robinson plant. This installation was a land- 
mark because it had the first control room designed 
to take advantage of computer control; the room is 
just one-fourth the size normally found in coal-fired 
power stations. The Robinson plant has another 
first too: solid state analog feedwater combustion, 
and temperature controls. 

The zenith of Summer’s climb to the automatic 
generating station will be reached next month when 
Louisiana P & L’s Little Gypsy station is scheduled 
to go on line. Oil- and gas-fired, Little Gypsy will 
initially rely on a digital computer to gather infor- 
mation, run the station, and report plant perform- 
ance to the operator. Later, the system will super- 
vise all analog control functions; if a malfunction is 
detected, it will switch automatically to digital con- 
trol, running the generating unit by a comparison of 
direct and inferential measurements. 
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How the Visicorder helps keep 
“spring” in a free gyro 


by simultaneously recording several 


performance characteristics 


How do you production-test a spring-wound minia- 
ture ‘‘free”’ gyro which has been designed for a limited 
number of firings without changing its characteristics 
due to excessive testing? Whether a gyro under actual 
conditions will reproduce test results depends to a 
large extent upon how many times it is “‘fired’’ before 
its short but important life begins. The multi-channel 
high-frequency Visicorder makes it possible for 
Whitaker Gyro Division of Telecomputing Corp. to 
test simultaneously all operating characteristics with 
only one firing of the gyro. 

Five channels of a Honeywell 906 Series Visicorder 
are used in the test for uncaging time and gimbal drift. 

For the uncaging time study, a squib is fired tc 
release the gyro’s spring motor. One trace indicates 
squib firing (A). When the gyro attains correct speed 
(and uncaged condition) a switch closes to record 
another trace (B). Between these traces, a 400 cps 
trace is a convenient time reference (C). 

The gyro is mounted on a Scorsby table set to 
deflect the unit 72 degrees from the perpendicular 
about two axes. Potentiometers sensing the gyro’s de- 
flection are directly connected to galvos which meas- 
ure the position of the gyro gimbals as the unit is 
rotated on the fixture. The potentiometer outputs 
trace individual sine waves on the record (D) which 
are easily compared to a zero trace (E) to indicate 
gimbal drift. 

The records shown here in two parts are actually 
one continuous record. Immediately after the un- 
caging time test, the record drive was switched to 


pa ertecee TRACE 





In this simple bench set-up, the 906 Visicorder is at right. 
Between it and the control panel is the Scorsby table on 
which the gyro is mounted, ready for test. 

lower speed without stopping the record. The resulting 
traces are easy to compare and gimbal drift is 
measured immediately. 

Four different models of the Honeywell Visicorder 
oscillograph provide immediate readout of analog 
data from DC to 5,000 cps, with 8, 14, 24 and 36 
channel capacity. Prices are as low as $1845 for a 
6-channel system with grid lines and built-in timer 
(Model 1406). Call your Industrial Sales Office soon 
for a demonstration of how the world’s most versatile 
oscillograph can save you time and money in 
data acquisition. 

Ask, also, for your free copy of the 36-page Visi- 
corder Applications Manual, an engineering guide 
packed with problem-solving suggestions. 
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The record at left was made at a speed of 25" per second. 
The record above is a continuation, after record speed 
was changed to 1" per second without interrupting 

the test sequence. 


HONEYWELL INTERNATIONAL 


Sales and Service offices in all principal cities of the world. Manufactur- 
ing in United States, United Kingdom, Canada, Netherlands, Germany. 


France, Japan, 





Heiland Division, Minneapolis-Honeywell 
5200 East Evans Avenue 
Denver 22, Colorado 


Honeywell 
HH) Qudustrial Produits. Group 
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© A message of importance to engineers using punched paper tape equipment for machine tool control & data handling 


WHY TALLY READERS AND PUNCHES TALK EASY 


You can talk to Tally punched tape readers and 
perforators with less input and output logic than 
any other equipment on the market. You can talk 
to Tally equipment faster. With only one com- 
mand, your Tally reader will read and advance; 
your Tally perforator, punch and advance. You 
can read or punch 5, 6, 7, or 8 channels without 
modification. Oil mist lubrication provides whis- 
per quiet operation. Their engineered simplicity 
means long term reliability. 

Tally perforators operate asynchronously at 
any rate up to 60 characters per second. Their 
unique wire clutch drive lets you vary speed for 
slaving to other equipment, simplifying design 
of logical systems. Prices for perforators start at 
$1,000. 


PS. Problems in making complex programming 
tapes? Call us, we’re making 4 to 16 channel 
guaranteed error-free punched tapes for many 
missile and satellite programs. 


a 
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Tally readers feature a reading rate of 60 
characters per second in either direction, instantly 
reversible for rapid search and select. They have 
triggered tape feed readout with the rate con- 
trolled by external equipment. Full accountability 
is furnished by the Form C switch which provides 


positive hole/space sensing. Reader prices begin 
at $595. 


Special Tape Systems Available 


On request, Tally engineers will be happy to 
review your product requirements for special 
tape readers, perforators and reader-perforator 
systems. Please address Dept. 21 





| TALLY 


REGISTER CORPORATION 


1310 Mercer Street 
Seattle, Washington 
Phone: MAin 4-0760 
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wewsbreaks 
In Control 


Industry Waits For Burroughs New Line 


New York—Industry sources hear that the Burroughs Corp. will introduce 
two radical new lines of computers, the 3500 and 5000 series, sometime 
during the first quarter of 1961. What will make the computers different, 
say experts, is arithmetic speed made possible by thin film memories, fas- 
ter than that in the IBM Stretch computer (the high speed machine built 
for the Atomic Energy Commission) . 


Another Utility Buys Computer Control 


Boston—Boston Edison is the latest electric utility to include a computer in 
mechanization plans. The utility will install an Information Systems, Inc. 
general purpose digital machine in its Mystic station as part of a wider 
mechanization program at the station. 


Electronic Trading Stamps 


Dallas—Electronic data processing will replace trading stamps in a unique 
test about to start in Texas and Oklahoma. In this test, inaugurated by 
American Premium Systems, customers will receive a credit card like that 
issued by oil companies. When a purchase, is made, the credit card is im- 
printed onto a slip along with a number of points for the purchase. All the 
slips are transmitted to a 1 central data processing system where they are read, 
totalized and stored automatically. When a customer’s total reaches a certain 
number, the center sends the customer a certificate for those points. 


New Mechanization Systems for Retailing 


New York—New methods of mechanizing retail operations through elec- 
tronic data processing continue to be introduced. At the National Retail 
Merchants Association meeting, in January, two new complete systems 
debut: one, offered by Farrington Mfg. Co., involves a simple sales slip 
imprinter, and an optical scanning machine to automatically read sales slips 
and convert them to computer format; another, made by International Tele- 
phone and Telegraph, puts a sales slip into a plastic jacket to which a piece 
of magnetic tape is attached containing information about the transaction. 


West Coast Unions Buy Mechanization Pact 


Los Angeles—An agreement that would spur mechanization of handling 
operations on West Coast piers has been approved by union forces. In 
an election last month, members of the International Longshoremen’s and 
Warehousemen’s Union voted for an agreement that would permit their 
employers, the Pacific Maritime Association, to introduce any labor saving 
equipment. In return, the employers group agreed to pay a guaranteed 
wage to the dock workers. Only the Los Angeles local voted against the 
pact. 
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superior 
accuracy 

and 
reproducibility 
with the 


SANGAMO 
460-SERIES 
TAPE 

TRANSPORT 


The Sangamo 460-Series is a fully transistorized magnetic tape 
Recorder/Reproducer for application in direct analog, wideband FM, 
PDM, and PCM instrumentation systems. 


Magnetic tape instrumentation system accuracies heretofore con- 
sidered unattainable have been achieved by Sangamo as a result 
of , reduced instantaneous and long-term record-playback speed 
deviations. The 460-Series Tape Transport accomplishes this by 
combining a very low inertia D. C. capstan drive with a high- 
response, tape-speed, servo control system. 


A unique vacuum tension/cleaning pad located immediately in 
front of the recording or reproducing head provides gentle, but 
firm and precise, tape tension. The head in turn is mounted almost 
in contact with the drive capstan. This arrangement results in a 
very short span of tape that requires controlled positioning. The 
combination of these features results in minimum skew, less flutter, 
and fewer dropouts. 


Additional features of the Sangamo 460-Series Tape Transport 
are: Reel-to-reel or loop operation with the same machine e 
Ability to handle all tapes, from 4%” to 2” in width, 1.0 to 1.5 
mil base e All D. C. drives e Fully transistorized e 


SANGAMO 
460-SERIES PERFORMANCE 
CHARACTERISTICS: 
START TIME: 1.0 second max. to syn- 
chronism with servo speed contrel ot 

60 ips up to 1” wide tape. 
STOP TIME: 0.2 seconds mex. from 
60 ips. 


Sangamo 460-Series Magnetic Tape Record/Reproduce systems are 
sold through technically qualified Sangamo agents specially selected 
for their ability to assist you in magnetic tape instrumentation appli- 
cations. In addition, Sangamo Application Engineers are available to 
provide further technical assistance wherever necessary. For complete 
details on the Sangamo 460-Series Record/Reproduce system, write for 
Bulletin H-460A or contact your nearest Sangamo representative. 
BROGAN ASSOCIATES, INC. J. E. CUESTA COMPANY 


Mineola, L. |., New York Paoli, Pa. 
Chestnut Hill, Mass. Washington, D. C. 
DATRONICS, INCOPORATED MEDCO, INCORPORATED 
Houston, Texas Melbourne, Florida 
Dallas, Texas Huntsville, Ala. 
PERLMUTH ELECTRONIC ASSOCIATES 
Los Angeles 16, California 
San Diego, California 
Palo Alto, California 


; INSTANTANEOUS TIME DISPLACE- 
° MENT ERROR: 25.0 microseconds 
° max. at 60 ips. 

e LONG-TERM TIME DISPLACEMENT 
e ERROR: +0.01% max. 

: INTER-CHANNEL TIME DISPLACE- 
‘ . MENT ERROR: 42.0 microseconds at 
‘ 60 ips between outside tracks on 1” 
tape. 

. SERVO SPEED CONTROL RANGE: 
. +15% nominal tape speed. 

° SERVO RESPONSE: +15% speed 
od change per second, 

o 


eeeeveeveeeeeeeeeeeeeeeeeeeeeenene 


eeeeeeeeeeeeeeeeeeeeeeeeeee 


SANGAMO ELECTRIC COMPANY 


SPRINGFIELD, ILLINOIS Scé0-9 
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Chemical Plant Puts 
Computer on Wheels 


HOUSTON, TEXAS— 
Shell Chemical Company has ordered a Packard 
Bell Computer PB 250 GP digital machine installed 
in a van so it can be moved from one unit to another. 
First application is to monitor the performance of 
processing operations at several different locations. 
The mobile system will receive analog data from 60 
sources, convert it to digital form for computation, and 
then record the output on magnetic tape. The system 
will also be programmed to energize alarms, make logi- 
cal decisions, and log out performance on a typewriter 
or in punched tape. During field operation, the com- 
puter can be battery-powered when no ac source is 
readily available. 


Ultraviolet Beam 
Carries Data 


BALTIMORE— 

Engineers at the Westinghouse Electric Corp. have 
built and demonstrated an experimental data com- 
munication system that transmits information over an 
ultraviolet carrier. 

A standard television camera is the input device. 
Input information is fed to a cathode ray tube whose 
short persistence phosphors radiate ultraviolet. If the 
CRT bombardment is controlled, the ultraviolet emis- 
sion is modulated. 

An optical reflector focuses the light beam and sends 
it to the receiver, a photometer. The receiver converts 
the modulated light back to a television image. 

Biggest advantage of the system appears to be a 
considerable saving of space and hardware since com- 
pact optical reflectors can beam the light to achieve 


Postage Stamp 
Memory 


This cryogenic thin film memory plane, the size 
of a postage stamp, has been built by IBM’s Fed- 
eral Systems Div. Laboratory to perform computer 
memory operations not now possible with magnetic 
cores, magnetic tape, or drums, The plane is made 
up of 135 thin film cryogenic devices, built in a 
19-layer sandwich. 120 of the cryotrons store 40 
bits of information; 10 of them permit access to the 
stored: bits of information; the remaining five are 
“in-line” and switch bits of information from one 
memory plane to another. Three cryotrons make 
up each memory cell, which combines storage with 
an elementary logic function. IBM has built an 
automatic system to turn out the memory planes in 
volume and reproduce them exactly. 
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antenna gains of several million; and the ultraviolet 
communications systems would be free from celestial 
and thermal noise. 


Computer Vote Counter 
Clears Legal Hurdles 


LOS ANGELES— 

The special purpose computer developed to validate, 
tally, and store the votes cast in Los Angeles elections 
(CtE, Feb. ’60, pp. 65-69) has faced a series of legal 
obstacles that make the technical problems already 
solved seem like child’s play. The machine’s first big 
chore was to have been the 1960 presidential elections, 
but the legal hurdles could not be solved in time. 

Although the project started in 1956 as an idea in 
election officials’ minds, it wasn’t until 1957 that design 
really got under way. A California taxpayer’s suit against 
voting machines delayed the work 14 months until a 
state court declared voting mechanization constitutional 
Then Norden, the designer and builder of the equip- 
ment, ran into trouble on the paper handling problem. 

Finally, the tide started to turn. Last fall, the 
machine demonstrated to LA election officials that it 
could read and tally ballots as its specified speed- 
20 per sec. Then it was ready for state approval. 

Last month Electrada Corp., a data processing com 
pany commissioned by the state of California to evalu- 
ate the prototype equipment, reported the machine’s 
accuracy was 99.94 percent—well above that attained 
by a human vote counter. One flaw in the machine: 
it rejected two percent of the ballots as unreadable and 
those had to be tallied manually. 

As a result of the report, the State Commission on 
Voting Machines, finally sanctioned the counters for use 
on January 12. Now, because of the closeness of the last 
presidential election in California, local officials are 
asking for faster delivery of the electronic counters. 





The new “561” indicating controller responds to 
temperature changes of 0.1° or less! And is yours at a 
competitive price! These two features alone make it an 
instrument you should investigate... but there’s more! 


You can choose from five standard temperature 
ranges .. . within the span of —50 to 600°F. Further- 


Here’s 0 1° more, scales start and end within your ranges, permit- 
e 


ting larger graduations, better legibility, easier read- 
out. And control and indication are separate but simul- 


Sensitivity at a taneous. Should your indication fail the “561” will 


continue to control with complete accuracy. 
C titi P > ! This precise instrument gives unvarying perform- 
ompe 1 lve Yr1ce * ance. Its indication and control will not vary with fluc- 
tuations of input voltage nor changes in ambient tem- 


perature. It offers the option of either ON-OFF or 
proportional control .. . has 10 AMP/120 VAC relay 
... Fenwal’s New “561” 


capacity. Smartly styled to complement modern indus- 


Temperature Controller trial machines and interiors, the “‘561’’ offers you all 


these extras at a competitive price. 


A Fenwal engineer will be glad to supply informa- 
tion on the “561’’, or any other temperature control in 
Fenwal’s broad line. Write Fenwal Incorporated, 292 
Pleasant Street, Ashland, Massachusetts. 


Another 
example of how 


CONTROLS TEMPERATURE... PRECISELY 
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Automatic Drafting 
Nioves Closer 


Data processing equipment modified for a manufacturing job bridges 
the gap between designer and finished print—without a draftsman. 
Charactron tube equipment produces drawings for parts to be made 


by numerical control. 


SAN DIEGO— 
Designers in the aircraft industry 
have a new degree of freedom because 
the parts they design can now be pro- 
duced by numerically controlled ma- 
chine tools. Numerical control has 
slashed hours—even days—from the 
production time for parts of complex 
geometry. But the time to prepare a 
working print for shopmen and inspec- 
tors remains the same, sometimes as 
long as weeks, and often increases as 
the designers take advantage of the 
flexibility of numerical control. 

By modifying a piece of data proc- 
essing output equipment, Stromberg 
Carlson Div. of General Dynamics has 
produced an automatic drafting ma- 
chine that turns out a working print 
in less time than is required to make 
the magnetic tapes which control the 
programmed machine tool. And the 
drawing is made from the same input 
information. In fact, once the part has 
been designed and programmed for 


Wiring diagram 
prepared by 
the SC 4020 printer 





Industry asks: can the idea be extended? 


the machine tool, a working print 
like that on CtE’s cover or below can 
be produced in less than a second. It 
represents a good example of finding 
new non-data processing applications 
for data processing gear. 

This machine is the Stromberg Carl- 
son 4020 Microfilm Recorder, which 
incorporates a Charactron tube and 
has been used as a high speed printer 
in computer centers. At the first in 
stallation, at the Naval Proving 
Grounds in Dahlgren, Va., where it 
was intended to print out firing tables, 
Stromberg-Carlson men _ envisioned 
the automatic drafting concept while 
watching NPG computermen draw ex- 
perimental ship hulls using the SC 
printer after the designs had been com- 
puted on the NORC computer. 

¢ Numerical design—The steps in 
the automatic drafting concept are 
shown in the block diagram. Once 
the designer has completed his con- 
ceptual design, he puts it into nu- 
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| Designer's sketch 
in numerical form 


T 


Part programmer 
puts sketch into 
APT language 


Computer 
| Post processor 
| sub routine | 
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tape 


Machine tool 
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From designer's sketch to working drawing 
with new automatic drafting system. Por 
tion in color, showing steps in print pro- 
duction, can be compared to procedure to 
prepare control tapes for programmed 
machine tool. 


merical form so that a part program- 
mer can convert the sketch into the 
language of the Automatic Program- 
ming Tool System (APT), the system 
developed at MIT for the Air Force. 
With APT a programmer converts a 
parts configuration into algebraic form 
and puts it into computer format. The 
computer then calculates the tool cut- 
ting path and reproduces it on mag- 
netic tape. 

In normal manufacturing opera- 
tions, this tape, which is in standard 
format, is then passed through a post 
processor, a computer subroutine 
that converts the general information 
on the tape into specific data on an- 
other magnetic tape for the particular 
control system on the machine. The 
second tape runs the machine tool. 

To make a print with the auto- 
matic drafting system, the first compu- 
ter-produced tape is also run through 
a different post processor that makes 
a second tape to program the SC-4020 
high speed printer. All the informa- 
tion appears on a high resolution, high 
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AIRMOVER SOLUTION # FBT 02131B 


URGENT CALL . . . URGENT PROBLEM!!! man on phone 
indicates . . . high capacity centrifugal blowers designed to cool 
his transmitting tubes, delivering insufficient air to meet require- 


ments — current supplier will not redesign!!! “and time waits for 
no one’. 


SOLUTION 


TO AN 
AIRMOVER 
PROBLEM 


~ 


\{ EASTERN DIVISION — supplier of creative solutions, armed 


with years of experience, waded in and solved the problem by | 
providing a unit to meet his exact requirement — a unit delivering | 


2000 cfm at 11” H.O. Now known as Model FBT 02131B, this unit 
was DESIGNED, DELIVERED, TESTED AND ACCEPTED IN 
24% WEEKS, and with « mit 40% smaller than original design. 


Beyond the immediate need, imc also pointed out to design 
engineers overdesigned airmovers in existing applications — and 
savings made possible by precisely matching blower, fan and vane 
axial specifications to each application. 


Thus at imc there's no need to compromise your cooling require- 
ments . . . imc specialists will supply a solution — whether your 
problem is for air delivery of 1 cfm and up, extreme temperature, 
weight, space, size or environmental conditions. 


Solutions are an ime specialty . .. may we send you an airmover 


~ equipment portfolio or supply a solution to your specific problem? 


& 
aFWiC MAGNETICS CORP./EASTERN DIVISION 
570 Main Street e Westbury, L.I., New York e ED 4-7070 e TWX WESTBURY N.Y. 5250-U 


OTHER PRODUCTS: heat exchangers/synchronous and torque motors/induction 
motors/servo motors and motor tachometers/dc motors/dynamotors and inverters 
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intensity cathode ray tube which is 
wear pa by a 35 mm camera. 
tandard prints can be made from the 
film record (which can be filed). The 
finished drawing contains not only an 
outline of the part but all other essen- 
tial manufacturing data, such as di- 
mensions, tolerances, and materials. 

¢ Obvious advantage—The automatic 
drafting procedure has obvious advan- 
tages when working with numerical 
control. Those parts of the procedure 
that take the most time are creating 
the design and programming the part 
for the computer—two steps that have 
to be done in numerical control manu- 
facture anyhow. Because the drawing 
is made automatically from the same 
input information as the machine tool 
tape, the print can be used to check 
the tapes for gross errors in part shape 
or dimension. Normally, the tape has 
to run on the machine tool and pro- 
duce a part to check the tape’s correct- 
ness. Finally the automatic process 
puts a print in the hands of inspec- 
tors before it starts turning out parts. 

One question that has not been 
answered is whether this approach is 
economically feasible. It requires a 
piece of expensive equipment, the 
SC-4020 high speed printer. Cost 
about $250,000: renting for over 
$5,000 per month. 

Automatic drafting this way a 
to be easy to justify economically if 
the high speed printer is also used as a 
computer center output device. At 
Convair Astronautics, for example, 
where the first installation is to be 
made, Convair will use the SC-4020 
to plot experimental trajectories of 
missiles as well as to make drawings. 

¢ Without numerical control? — 
More intriguing to industry, however, 
is the broader aspect of automatic 
drafting when numerical control is not 
to be the method of manufacture. 
The technique will work: the ques- 
tion is economic feasibility. Most 
time-consuming portion would be con- 
verting the design to numerical form 
and programming it for the computer. 
There has been so little of this done 
that nobody wants to guess how long 
it might take or might cost. 

To prove that the SC-4020 could 
produce wiring diagrams as well as me- 
chanical drawings, Stromberg-Carlson 
programmed a computer to make the 
drawing on p. 31. Design engineers 
think that drawings for electrical appa- 
ratus already being designed by a com- 
puter—such as motors, synchros, and 
transformers—could be produced auto- 
matically. But the big question is 
whether it will be economical. 
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BRUSH INSTRUMENTS 


In multi-channel 
recording 
systems 

there 1s 


NOTING MEWED ssn nuns naon wir ta 


newest oscillograph is the ideal choice for today’s most advanced telemetry and computer 
systems. Its precision and reliability are proven. You get analog data instantly recorded on 
eight 40mm channels... and the sharpest traces on rectilinear coordinates you’ve ever seen. 
Thirteen electrically controlled chart speeds take the guesswork out of interpretation. All 
functions are operated by pushbutton . . . including an ingenious auto-load chart changing 
arrangement. But... the most important reason of all is that this vertical panel oscillograph 
carries the name ‘“‘Brush’’. No one is as qualified. See for yourself. Call, write or wire. 


——brush INSTRUMENTS 


DIVISION OF 


37TH AND PERKINS poet CLEVELAND 14, OHIO 
coeroration 





Now! Get premium features in a DVM priced at only $940 


Cubic Corporation announces the V-45 
—the first low-cost digital voltmeter 
with premium features. Now industrial 
users can buy a top-quality, precision 
four-digit instrument at a price they 
can justifv—only $940. Here are the 
premium features vou get in a V-45: 


Floating Input: Both sides of the input 
may be floated above or below ground 
The floating input circuit provides 
more than 80 db rejection to 60-cps 
common-mode signals. A grounded 
input is also supplied. 


Extended Range: A 10% extension is 
incorporated in each of the V-45’s three 
ranges. Voltages up to 10.999 may be 
read on the 10-volt range; voltages up 
to 109.99 mav be read on the 100-volt 
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range; and voltages up to 1099.9 may 
be read on the 1000-volt range. There- 
fore, the operator need not constantly 
shift back and forth between ranges 
when reading close to the normal 
upper limit of a range. 


Transistorized Logic and Drive Circuit: 
The V-45 DVM uses construction tech- 
niques representing the latest state-of- 
the-art, with all-transistorized circuitry 
driving reliable stepping switches. 
Cubic manufactures a complete line 
of quality digital instruments, includ- 
ing a-c and d-c voltmeters, ohmmeters, 
ratiometers, scanners and printer 
controls. Write for literature to Dept. 
CT-101, Industrial Division, Cubic 
Corporation, San Diego 11, California. 





SPECIFICATIONS 


MODEL V-45 DIGITAL VOLTMETER 
input Impedance: 10 megohms 
at balance. 
Ranges: Manually selected, 
% extended range 

+0.000 to + 10.999 vde 

+ 00.00 to + 109.99 vde 
High +000.0 to +1099.9 vdc 
Sensitivity: 1 millivolt 
Sensitivity Control: Continuously var- 
iable from 1 digit to standby lockout 
Power Input: 105-125 vac, 50-60 cps, 
25 watts standby, 30 watts operating. 
Dimensions: 19” wide, 5%” high, 14” 
deep, rack or bench mounting with 
dust-proof switch and bridge section. 
Average Balancing Time: Less than 2 sec. 
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WHAT’S NEW 


Communication Satellites: 
New Problems in Control 


Satellites with commercial significance are being readied. Control en- 
gineers are devising schemes to keep them in orbit and pinpoint where 
they are. Here is a rundown on the problems and projects under way. 


WASHING TON— 
Moving out of the realm of sci 
entific curiosity, the space satellite is 
heading for its first commercial appli- 
cation: to relay information. Last 
month, as one of his last official acts, 
President Dwight D. Eisenhower ap- 
proved a policy favoring private devel- 
opment of communication satellites. 
At least half a dozen companies— 
American Telephone and Telegraph 
(with its subsidiary Bell Telephone 
Laboratories and Western Electric 
Co.), General Electric, Motorola, 
Hughes Aircraft Co., Radio Corpora- 
tion of America, and Philco Corp.—are 
actively working toward commercial 
space communication systems. They 
have discovered that making a space 
satellite part of a communication sys- 
tem introduces two new control prob- 
lems: how to keep the satellite in a 
predetermined orbit and how to track 


the satellite with required precision. 

In early satellite launching, the big 
control problem was putting the satel- 
lite into a prescribed orbit. Refine- 
ments in radio-guidance systems and 
inertial systems have basically solved 
this problem so that scientists feel 
they can put a satellite into the orbit 
they predict. But maintaining a satel- 
lite in the same orbit month after 
month is another story. 

¢ Active or Passive—A satellite to re- 
lay data, messages, TV pictures or fac- 
simile can be passive—the electrical 
signal is merely bounced off it—or ac- 
tive—it receives, stores, and on com- 
mand, retransmits information. Last 
vear, U.S. government agencies suc- 
cessfully launched both passive and 
active communication satellites to 
prove the feasibility of both. 

Echo 1, launched by the National 
Aeronautics and Space Administration 


in August, is a 100-ft diameter balloon 
that serves as a passive relay station 
bouncing radio signals off its reflecting 
surfaces. ‘The Army’s Courier IB, 
launched in October, is active, can 
handle up to 100 channels of data. 

Whether a communication satellite 
is active or passive, its tremendous cost 
demands that its life be extended as 
long as possible. A T & T, for exam- 
ple, figures it would have to spend 
$180 million on a satellite system for 
international telephony. The life is 
determined by how long any equip- 
ment aboard will function and how 
long the satellite can stay in orbit. 
Most experts feel that three to five 
years is the minimum life to make a 
satellite economical. 

Satellite orbits are affected by both 
atmospheric and cosmic drag (the 
slowing effect of air and cosmic parti- 
cles) by ion sweep up, meteorite colli- 


Communication Satellite Plans 





Date Name 


Type 


Sponsor 


Remarks 





One Echo 
One Courier 


1961 


Active 


Passive 


NASA 
U.S. Army 


Exchanges information at rate of 136,000 words per min. 





One Echo 
One Advent 


1962 


Active 


Passive 


NASA 
U.S. Army 


Synchronous orbit at altitude of 22,300 miles. 





One passive 
system 


One Advent 
system 


1963 


Active 


Passive 


NASA 


U.S. Army 


20 balloons in two orbits 1,500 miles high. 


A number of hovering satellites. 





Two multiple 
systems 


1964 


Passive 


NASA 


Using more than one sateilite. 





No Firm 
Date or 
Firm Plans 


Chaff Belt 


Repeater 
Satellite 


Telephone 
Satellite 


Satellite chain 


Passive 


Active 


Passive 


Passive 


U.S. Air 
Force 


Hughes 
Aircraft 
NASA and 
AT&T 


U.S. Air 
Force 


Belt of aluminum needles to reflect communication signals. 


Repeater stations that hover in a synchronous orbit. 
Balloon to rebound international telephone messages. 


Six balloons 6,000 miles apart connected by string. 
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LOW COST \ 


phere generators, gas and liquid dryers, 
\ Pow-R-Trol (TM) control units. } 
iS | 


JOHN E. POLIS | 
Senior Design 
Application Engineer 
of our Molecu-Dryer 

Division, reports on 


INSTRUMENT 
AIR DRYING 


DELIVERY OF CLEAN, DRY AIR 
AT LOW COST for a “dry box” 
installation at one of our custom- 
er’s plants . . . is now being accom- 
plished with a Hayes MS Series 
Recirculating Molecu-Dryer. The 
same can be done for your instru- 
ment air system . .. where moisture 
causes rust, clogs up instrument 
ports, and creates freeze-ups in the 
air lines. 

A NEW HAYES TYPE MSX 
MOLECU-DRYER has been devel- 
oped to supply 

pure, dry air 

at —100°F 

and solve in- 

strument air 

problems. 

An externally 

heated dryer, 

the MSX is a 

complete, 

compact, high- 

capacity unit 

featuringa 

simplified control system . . . makes 
drying and reactivating operations 
easy, automatic—at lowest cost ever. 


SHELL AND TUBE DESIGN has 
been designed for safe, high pres- 
sure working ranges to 500 psig. 
Many other design innovations for 
which patents have been granted 
have also been applied to this and 
other Hayes Molecu-Dryer units. 
The unique feature of the new 
MSX, however, is the downflow 
stream which eliminates fluidizing 
of the desiccant bed, especially with 
high velocity flows. 


SHORT CYCLES — CONTINUOUS 
FLOW. Dry and purge circuits of 
the MSX are independent and com- 
pletely automatic . . . operate in 
alternating 4-hour cycles. Larger 
size Linde® Molecular Sieves are 
used, together with down-flow 
adsorption, to increase flow rates as 
much as 3 to 4 times that of com- 
parable dryers with upfiow stream. 
A WIDE SELECTION OF FLOW 
CAPACITIES and pressure ranges 
are available to meet your partic- 
ular instrument air: drying needs. 
Bulletin 1060C gives full details 
aasien on the new 

a gare Hayes Type 
MSX Molecu- 
Dryer. For 
your copy, 
write C, I. 
Hayes, Inc., 
938 Welling- 
ton Ave., 
Cranston 10, 
Rhode Island. 


Cc. 1. HAYES, inc. 


Established 1905 








mews 

MAYER type OE 
Sateen, Seat 
AEC) OTR 


it pays to see Hayes for metallurgical 
guidance, lab. facilities, furnaces, atmos- 
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COMMUNICATION SATELLITES (CONT.): 


sion, pressure of sunlight, and some 
forces scientists still haven’t com- 
pletely identified. Most of the control 
hardware that looks reasonable for 
solving the problem is too heavy at 
present. ‘Io date there are no proven 
systems for keeping a satellite in orbit, 
but several different kinds of proposals 
have been made, 

¢ Bouncing ball—One suggestion is 
to install a thrust device that will 
continuously exert on the satellite a 
force equal and opposite to those act- 
ing to pull the satellite out of orbit. 
Another proposal suggests a device 
that will supply thrust only when the 
satellite has slowed down to a given 
speed (the diameter or orbit shrinks as 
the speed decreases). ‘The new thrust 
would be just sufficient to return the 
satellite to its original orbit. 

A disadvantage of the continuous 
thrust system is that the life of the 
satellite then becomes dependent on 
how much propellant can be carried. 
The orbiting body needs a stabiliza- 
tion system to keep it oriented so 
thrust is applied in the right direction. 

If the thrust is applied only as 
needed, more control hardware is re- 
quired. For one thing two separate 
thrusts are needed for each maneuver. 
The first to bring the spatial relay to 
the proper altitude; the second to sta- 
bilize the satellite into its orbit. 

Such a system is complicated be- 
cause every maneuver requires differ- 
ent thrust. The weight of the satellite 
changes as propellant is used up. Thus, 
each successive thrust would have to 
be slightly reduced. A.special purpese 
computer in the control loop could 
figure the necessary thrust; or engines 
of various thrust levels might be in- 
stalled; or a combination of the two 
could be used. But all these ideas 
increase the amount of nonproductive 
weight the satellite must carry. 

¢ Spin the ball—Other engineers feel 
that spin stabilization is a better an- 
swer to orbit-maintenance. The the- 
ory is that a spinning satellite does 
not drop out of orbit.as rapidly as a 
nonspinning ome. Over a period of 
weeks, however, even a spinning satel- 
lite will drop back toward the earth. 

At least two systems have been pro- 


‘posed to keep a satellite spinning. 


One, that was incorporated in the 
Tiros meteorological satéllite series, 
has several small rockets that can be 
fired on command to supply the push 
to keep the ball spinning. 

A more intriguing system, not yet 
tried experimentally, would put an 


electric coil around the satellite. Elec- 
tric current applied at intervals would 
keep the satellite spinning. On paper, 
this electrical spinning system appears 
to have the best potential for keeping 
satellites at the right orbit. 

Until the U.S. has larger rocket en- 
gines available for boosters, however, 
weight will remain a critical factor. 
Control systems will have to be mini- 
mized to keep poundage small. 

¢Where is it?—Because of the 
weight restriction, the first commer- 
cial communication satellites are likely 
to be passive relay stations which re- 
quire less onboard hardware ‘than ac- 
tive ones. But that raises another prob- 
lem: tracking them accurately enough 
with transmitting and receiving an- 
tennas so signals are not distorted. 

NASA feels that this is not too 
much of a problem, although the 
agency did run into trouble tracking 
Echo 1, particularly when that pioneer- 
ing body’s tracking beacons weakened. 
Agency engineers have proposed this 
method of tracking: the government’s 
string of Minitrack stations, which use 
a radio interferometer to position 
satellite, would predict the satel- 
lite’s orbit for transmitting and 
receiving stations. Such gross informa- 
tion would put narrow band radars 
(located at the ground stations) onto 
the general area of the target. When 
the narrow band trackers found the 
satellite, they could automatically di- 
rect the sending or receiving antennas. 

Telephone engineers have doubts 
about this. Some of them feel NASA’s 
preposal is easier to say than to do. 
‘The communication specialists point 
out that unexpected movement of the 
satellite by solar flares or other cosmic 
force, or even tiny distortions of the 
ground antenna (such as those caused 
by wind) could move the communica- 
tion systefn out of its bandwidth. And 
automatic tracking by conventional 
feedback control might not solve the 
problem either. What will probably 
be needed, said one telephone man, 
is a nonlinear system that has not yet 
been designed, one that will be push- 
ing the frontiers of control. 

Tq emphasize the character of the 
problems, a good quality 60-ft ground 
antenna for a commercial communica- 
tion system would have a beam width 
20 times narrower than the one that 
received bounced messages from Echo 
1. The beam width is less than the 
structural sag in the 350-ton horn. 

¢ On the air—Such control problems 
will be the center of attention in the 
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A collection of special Ketay potentiometers including single turn, multi-turn, ganged, 
sector, pendulum and pick-off types. Both linear and non-linear models are included. 


a ioe * 
A a 


for your Precision Potentiometer Requirements 


Ketay has capabilities for designing and manufacturing 
specialized as well as standard precision potentiometers. 
Ketay can fulfill a wide range of requirements with potenti- 
ometers offering these superior features: 


PRECIOUS METAL or base metal windings meet tempera- 
ture coefficients, low torque and low noise level requirements. 


WELDED TAPS permit high resolution since there are no 
shorted turns in the tap region. Ketay-designed equipment 
enables wire to be welded 1/5 the diameter of a hair. 


>F , RACY for all diameters—Ketay’s ex- 
clusive aorveisinaniiiel winding machines assure constant 
tension and accurate spacing of turns. Conformity of 
0.05% and better within a 3” diameter is an example of 
= ape: agape accuracy. 


HI I (to 300°C) and nuclear resistance. 


Ketay can supply precision potentiometers to generate func- 
tions such as sine, cosine, tangent or exponential and empiri- 
cally derived curves. Units can be designed for almost any 
environment. Detail your exact specifications and mail to us. 


Ketay manufactures a complete line of precision synchros, servo motors, resolvers, 
motor tachometers, gyros, amplifiers and encoders in a wide range of sizes to meet your 
specific requirements. Components are available separately or in modular packages. 


UNITED AIRCRAFT CORPORATION 
NORDEN DIVISION 


KETAY DEPARTMENT, COMMACK, LONG ISLAND, NEW YORK 


FEBRUARY 
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motorability 


since 1942 


Kollsman has been designing and manufacturing 

special-purpose control motors of high precision for'19 

years. More than 1,000 different Kollsman-designed 

motors now exist. 

Our Sales Engineers wili be glad to consider your motor 

problems without obligation. Because»of our tremendous 

backlog of existing designs most likely we can select 

the answer to your requirements immediately. If. not, 

we are equipped and staffed to design to your specification. 
SYNCHROS ® RESOLVERS ® SERVO MOTORS ® MOTOR GENERATORS ® INTEGRALLY 
GEARED UNITS ® INDUCTION GENERATORS. ® DRAG CUP MOTORS ® SYNCHRONOUS 


MOTORS ® PERMANENT MAGNET GENERATORS ® VELOCITY AND INERTIA DAMPED 
UNITS .. . AND SPECIAL DESIGNS. 


call or write for additional information 


KOLLSMAN MOTOR CORPORATION 
a A SUBSIDIARY OF STANDARD KOLLSMAN INDUSTRIES, INC: 


Mill Street / Dublin, Pa. / Tel.: CHerry 9-3561 
West Coast Office: 715 Sonora Ave., Glendale, Calif. / Tel...CHapman 5-2027 
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WHAT’‘’S NEW 


next 18 months when government and 
commercial organizations put satellite 
communication systems on the air. It 
is expected that NASA and AT&T, in 
a joint effort, will have a system oper- 
ating within 15 months for interna- 
tional telephony between Western 
Europe and the United States. ‘The 
Bell System has been pushing the 
project because it estimates that the 
rising volume of international phone 
calls will overload the transcont*vental 
cable under the Atlantic by 1962. 
AT&T plans a satellite just one step 
above a passive one. Ground stat‘ons 
would transmit to the satellite on 6,775 
to 6,875 megacycles; the satellite wil! 
shift the incoming frequency bard by 
350 megacvcles and retransmit back to 
earth in the band 6,425 to 6,52° 
megacycles. Both the incoming 
spread of 100 mec and the outgoing 
one would be divided into two parts to 
provide frequency assignments of 50 
me each. A _ terminal in’ Western 
Europe would transmit to the satellite 
in the lower half of the band, and 
U.S. stations in the upper half. This 
system would provide 600 telephone 
circuits or one two-way TV channel. 
¢ Highlights—Communication satel- 
lite plans are summarized in the table 
on page 35. Here are some high- 
lights of the programs: 
¢ NASA will launch another passive 
Echo satellite this vear. It will weigh 
660 pounds, be about 135 ft in diame- 
ter, and be constructed so that it is 
almost 100 times as rigid as Echo 1. 
e NASA also has plans to launch an 
active satellite by 1963. 
¢ U.S. Army’s Project Advent will 
put satellites in an orbit 22.300 miles 
above the earth’s surface, a so-called 
stationary or synchronous orbit be 
cause at that altitude the satellite is 
stationary relative to anv point on the 
earth’s surface. 
¢ The Air Force is weighing an MIT 
proposal to launch a cha belt—an 
area of aluminum needles—that would 
reflect communication signals. 
Hughes Aircraft Co.’s proposed 
orbiting communication system would 
put active satellites in a synchronous 
orbit as repeater stations in the sky. 
¢ By 1963, NASA plans to set up 
a passive system with 20 spheres, 
orbiting in two orbital planes, 10 to a 
plane. The giant balloons launched 
into 1,500 mile orbits should have a 
life of 15 to 20 vears. 
¢ The Air Force is studving a pro- 
posal to launch a six-balloon satellite 
svstem into a 2,000-mile-high orbit. 
The balloons are to be tied together. 
—Seth Pavne 
McGraw-Hill News 
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A strange combination of Nature’s forces at Bell 
Laboratories foreshadows the day when world-wide 
phone calls may be relayed via man-made satellites 
orbiting the earth. It is a union of synthetic rubies and 
extreme cold, making it possible to amplify microwave 
signals from these satellites clearly. 


Synthetic rubies possess an extraordinary property 
when deeply chilled and subjected to a magnetic field. 
They can be excited to store energy at the frequencies 
of microwave signals. As a signal passes through an 
excited ruby, it releases this energy and is thus ampli- 
fied a thousandfold. 


Bell Laboratories scientists chose a ruby amplifier 
because it’s uniquely free of “noises” that interfere with 
radio signals. For example, it doesn’t have the hot 


Bell Laboratories research with 
chilled ruby amplifiers speeds the 
day we may telephone via satellites 


cathodes or hurtling electrons that generate noise in 
conventional amplifiers. It is so quiet that only the 
noise made by matter itself in heat vibrations remains. 
But at a temperature close to absolute zero, this also is 
silenced. Even very faint signals from satellites can be 
clearly amplified and studied for their possibilities. 


Bell Laboratories scientists were first to discover 
that matter itself generates electrical noise. They also 
discovered that stars send radio waves, and thus helped 
found radio astronomy. It is particularly fitting that 
the same scientists, in their endless research on noise, 
should now battle this number-one enemy of telephony 
in the dramatic new field of communication via satel- 
lites. The ultimate goal, as always, is the improvement 
of your Bell System communications services. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Constant displacement piston pumps 
driven by low pressure steam tur- 
bines deliver fire-resistant fluid to 
accumulators for energy storage. 
Thus, high horsepower output for 
fast opening and closing of process 
control valves is obtained with low 
horsepower input. 
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.ast and precisely controlled motions, having the 
high reliability demanded by modern processing, are 
inherent characteristics of hydraulics. In addition, 
these advantages are obtained at low cost, for you can 
cover your full range of operations—from valve control 
to power transmission—with standard Vickers com- 
ponents. Your engineers enjoy unlimited design flexi- 

‘ bility through a choice of electric, electronic, pneumatic 
electro-hydraulic system for controlling . : 
automatié: edt Aeeatinent eae and manual signals to control the hydraulic pumps, 
Physical layout provides optimum cir- motors, cylinders, and variable speed drives. 
cuit efficiency, ease of servicing, and 
good appearance. Vickers complete packaged systems are ready to go 

into service upon arrival in your plant, since they are 
thoroughly pretested before shipment. They are prop- 
erly designed and built to give maximum service life 
with little downtime, thus helping to keep your plant 
on stream. 


Control console and power unit form 


Get more information on the job being done by 
Vickers packaged hydraulic systems in chemical, petro- 
chemical, petroleum refining, and other processing 
industries by writing today for Bulletin 15802, 
‘*‘Packaged Hydraulic Systems for Process Control.”’ 


VICKERS INCORPORATED 


, DIVISION SPERRY RAND CORPORATION 
This pawer package includes all hy- 
draulic pumps and valves for complete ADMINISTRATIVE and ENGINEERING CENTER 


contro] of automatic cyclic operation ei a 66: ee 


of process in a butadiene plant. 
9138 
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TOKYO— 
Japan’s instrument industry, which has been 
Ja pa : ef ge making rapid strides, resembles more and more its 
U.S. counterpart. Touring a Japanese instrument 
e show, an American visitor is likely to see some 
instru ments: familiar sights, many of the same kinds of equip- 
ment that would be on display at an American 
show such as an ISA exhibit. At Japan’s sixth 
~ LY 1) d “ annual instrument show in December, McGraw- 
or ome O ay; Hill News Bureau chief Sol Sanders toured the 
exhibits with a camera. Some of the highlights 
Th \W fe T recorded by his Leica are reproduced here. They 
= or omorrow show an increasing Japanese interest in data log- 
gers, computers for process control, and high 
quality instruments. Japanese industry leaders 
told Sanders that 1961’s frst marketing goal would 
be the expanding Japanese economy, but a push 

for export markets would develop soon after. 


LARGE SCALE 
COMPUTER 
built by Fuji Denki, 
was offered as 
multi-purpose machine, 
ar: . for functions of 
r a? sé : data processing 


= , as well as control. 
PROCESS CONTROL computer was displayed by Yokagawa 
Instruments Co. It looks like, and is said to have similar 
capabilities as, the American TRW Computers RW-300. 


SIMPLE 
LOGGING 
equipment with 
numerical indicators 
was displayed 

by Kuwano 

Denki KK 


OSCILLOSCOPES built by Matsushita Electronics Co. Despite a 
flood of inexpensive upits—some companies make oscilloscopes that 
sell for as little as $50U—many Japanese engineers insist on 
importing oscilloscopes because Japanese built units are inadequate 
for high frequency work or for very short duration studies. 


NEW PEN-WRITING OSCILLOGRAPH, also built by Yokagawa 
Instrument Co., created quite a stir with its 1 mv per centimeter 
sensitivity. It is transistorized, and is said to have zero 

drift because of Hall generator feedback. Cost: about $30,000. 


t 


TOKYO SHIBAURA (Toshiba), one of Japan's biggest 
instrument and electronic manufacturers, displayed 

a computer programmed to log variables at a refinery 
and to control it. 
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ELeEcTRIC co. 


division of 


INDUSTRIAL TIMER CORPORATION 


RELAYS 


FOR EVERY APPLICATION 
Factory Tested for Reliability! 


GENERAL PURPOSE 
Open Type Relay. Up to 
3PDT, 5 or 10 amp con- 
tact rating. Voltages up 
to 230 volts, AC or DC. 
Details in Bulletin 10. 


GENERAL PURPOSE 
Plug-In Type Relay. Con- 
tact arrangements up to 
3PDT. 5 or 10 amp con- 
tact rating. Voltages up 
to 230 volts, AC or DC. 
Details in Bulletin 10. 


PRINTED CIRCUIT Open 
Type Relay. Up to 3PDT. 
5 or 10 amp contact 
rating. Voltages up to 
230 volts, AC or DC. 
Details in Bulletin 11. 


StaecrTrRric co. 


division of 


212 River Street, Orange, N. J. 
Industrial Relays, Foot Switches, Buzzers, Coils 
Phone: ORange 2-8200 
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Switch to Blend— 
Electronically 


West Coast oil companies start 1961 with new elec- 
tronic gasoline blending systems. The new controls 
mean more accurate formulations and less piping. 


SANTA FE SPRINGS, CALIF.— 

The new gasoline blending system 
at Wilshire Oil Company’s refinery 
here looks strange compared to those 
that have been previously installed in 
West Coast refineries. For one thing, 
there’s much less piping; blend com- 
ponents are not piped to a centralized 
location for control. In fact, blending 
takes place at three sites, each close 
to a group of component storage 
tanks so there are no long piping runs 
from the component tanks. Control 
is directed from an electronic console 
off the blending site. 

What makes this piping saving pos- 
sible is a new blending system directed 
by electronic digital control. This 
one was built by B.L1. Industries, 
but other digital blenders have also 
won acceptance on the West Coast. 
Late in December 1960, Union Oil 
Company put a blending system on 


Operator sets blending 
rate and components into 
console which directs . . . 


three blending subcenters 
of which this is one 
Electronic control reduces 
piping required. 


line run by a digital control developed 
jointly by the oil company and Pack- 


ard Bell Computer Co. 


The Wilshire system system blends 
12 components: eight base stocks, 
TEL (Tetraethyl lead), two other 
additives, and a dye solution—at a top 
rate of 3,500 barrels of product output 
per hour. Total product flow for the 
first 30 sec is accurate to 4 percent by 
volume for each component. 

¢ Start with a pot—B.I.F. character- 
izes its approach as “‘a controlled rate, 
leading element system”. Its leading 
clement is a master reference voltage 
(from a 24 volt de power supply) that 
controls blend flow rate. By turning a 
linear potentiometer so that the refer- 
ence voltage is 24 volts, an operator 
sets the system to run at top capacity. 
For lesser blending rates, the pot is 
turned to generate a smaller voltage. 

Each component flow rate is set by 





Take a close look at this new limit switch! It’s 
moisture, we'll guarantee it, electrically and mechanically, 
. whichever comes first 
If you've ever had limit switch 


’ } 
concer National 


-, you'll want 


THE NATIONAL 
ACME COMPANY 
165 E. 13 1st STREET 
CLEVELAND 8, OHIO 


( a I. write or Wire. Sales Offices: Newark 2, N. J., Chicago 6, Il!., Detroit 27, Mich. 
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Which of these Barber-Colman 
high-quality, low-cost motors 


are needed for your applications 


... unidirectional, reversible, 


synchronous, or geared? 


Unidirectional 


Geared | THE MARK OF QUALITY 


BARBER 
COLMAN 


LOW COST 

HIGH STARTING TORQUE 

QUIET OPERATION 

LONG-LIFE LUBRICATION 

POROUS BRONZE OR BALL BEARINGS 
PRECISION-HOBBED GEARS 

QUALITY GUARANTEED 


Reversible 


Synchronous 


a-c small motors 


For longest life and finer service per 
dollar invested, put Barber-Colman 
motors into your products. High-quality 
construction throughout eliminates 
bothersome, costly maintenance... adds 
to your reputation as a builder of quality 
equipment. Various types and models 
for use in appliances, vending machines, 
projection equipment, office machines, 
toys, servo-mechanisms, remote switch- 
ing and positioning, recording instru- 
ments, and similar applications. And 


your cost for these precision-made | 


motors is surprisingly low. 


WRITE FOR NEW QUICK REFERENCE FILE | 


on the complete line of Barber-Colman a-c small 
motors: Unidirectional, reversible, synchronous. 
Up to 1/20 hp. With or without reduction gearing 

. open or enclosed types. Stator and rotor sets 
also available. Free engineering service. 


BARBER-COLMAN COMPANY 
4 Dept. N, 1248 Rock Street, Rockford, Illinois 
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WHAT’S NEW 





an -individual linear potentiometer. 
After the integrated blending rate has 
been dialed in, the operator makes 
percentage settings for each com- 
ponent going into the blend. 

The reference voltage, regulated 
by a Zener diode, feeds a transistor- 
ized saturable core multivibrator that 
converts it to a pulse train propor- 
tional to the voltage. At top blending 
rate, for example, the multivibrator 
converts the 24 volt de reference to a 
pulse train of 125 cps. The voltage 
representing a component set to con- 
tribute 10 percent to the integrated 
blend would be converted to a pulse 
rate of 12.5 cps (just 10 percent of 
the total rate) by its multivibrator. 
The pulse output representing the 
total yolume feeds a totalizer that 
records barrel throughput in its master 
module in the cased tone, 

¢ Unique stepping motor—Control 
pulses representing the components 
are transmitted to individual differ- 
ential controllers at the proper mani- 
fold site. In the controller, a unique 
stepping motor with a magnetic de- 
tent cyclonome translates the pulses 
into rotary motion. A second input 
to the controller comes from a Brodie 
positive displacement meter which 
measures actual flow rate. 

Originally developed by Sigma for 
computer applications, the stepping 
motor has no mechanical ratchet, a 
feature that improves its reliability and 
extends its operating life. Output of 
the motor is fed to one side of a 
mechanical differential whose spider is 
integrated into the pneumatic control- 
ler. If the signal from the flow meter 
does not exactly equal that from the 
stepping motor, the controller takes 
corrective action. 

¢ Supplemental acts—Wilshire has 
separate report-back circuits to sup- 
plement the blending system. Such 
variables as actual flow, control valve 
position, differential pressure, and line 
pressures keep the operator posted. In- 
stantaneous flow ratios are not main- 
tained since the oil company stores the 
entire output. What is controlled is 
total product flow. 

B.I.F. designed the system so that 
formulations could be made _ by 
punched card or by direct coupling 
with a process control computer. 
Since the computer could be pro- 
grammed to analyze pipeline out- 
put and calculate required corrections 
in component flows, it could be used 
if the final blend is ever pumped 
directly into rail cars or tankers with- 
out intermediate storage. 

—Michael Murphy 
McGraw-Hill News 
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EUROPEAN REPORT 


Mechanization Breaks 
Down in the 
Soviet Union Too 


“Automation is the wings of the 
seven year plan”, boasts a sign 
in a Russian plant, but the plant 
management finds it creates as 
many problems as it solves. 


MOSCOW 

The “Hammer and Sickle Plant” in 
Kharkov is a Soviet showplace factory 
that is a favorite on the tour list for 
foreign visitors. Producing diesel en 
gines on automatic machine tools, the 
plant reported worker productivity 
jumped four and a half times in the 
past ten years. But a giant step at the 
start of 1960 has caused some indi- 
gestion, the newspaper Ekonomiches- 
kaya Gazeta reports. Most serious 
pain, says the paper, stems from the 
fact that the plant is now operating at 
only half capacity, and the reasons for 
the downtime are far from being 
solved. Apparently the Kharkov instal- 
lation is not the only one having such 
troubles. 

Originally, the plant was set up to 
produce a primitive threshing ma- 
chine, later it was converted to pro- 
duce diesel engines for self-propelled 
agricultural machines. Since the be- 
ginning of 1960, some of the kev com- 
ponents—cylinder blocks, cylinder 
heads, and flywheels, for example 
have been produced on continuous 
manufacturing lines. 

In one mechanical shop, 11 auto 
matic lines are in operation. On a 
line that produced cylinder blocks, 
some 50 machines run automatically. 
And the plant is scheduled to install 
30 more automatic lines within two ot 
three years. 

¢ Who’s to blame—What’s behind 
the trouble is faulty planning that 
ranges from bad supply of materials 
through poor scheduling to piecemeal 
mechanization. Here’s a rundown of 
the troubles reported by Ekonomiches- 
kaya Gazeta: 

> Faulty parts—The plant is repeat- 
edly slowed by the breakdown of 
minor but essential parts such as bor- 
ing bits and tool spindles. Spare parts 
are often not available. In one case 
that was cited, the entire automatic 
cylinder block production line was 
shut down because of one broken spin- 
dle on one machine. 

> Diversion of materials—The gov- 
ernment requires the plant to do 
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'Barber-Colman 1-1/4’ dia. 
FYLM permanent magnet 


motors feature very low ripple, 


constant brush pressure 


over entire motor life... 


FYLM 20000 


THE MARK OF QUALITY 


BARBER 
COLMAN 


VOLTAGES FROME V d-c 
TO 115 V d-c 


WITHSTAND AIRCRAFT AND 
MISSILE AMBIENTS 


CONSTANT BRUSH PRESSURE 
LARGE RUGGED BEARINGS 


14-BAR COMMUTATOR AND 
14-COIL ARMATURE 


STABILIZED MAGNETS 


FYLM with planetary gearhead 


d-c small motors 


Type FYLM d-c motors are available 
in three standard frame lengths .. . 
with standard or special mountings for 
interchangeability with other motors 
Radio noise filters, gearheads, governors, 
blowers, other special features also avail- 
able. Normal ambient temperature range 

65° to 200°F (can be designed for 
—100°F or 400°F). Rated output, 10 
mhp continuous to 35 mhp intermittent 
Rated torque, .05 lb-in. to.16 lb-in. Shaft 
diameter 3/16”. Motor diameter, 1.25” 
. . . length 1.77” to 2.40”. Weight, .26 
lb to .43 Ib. Used as a tachometer gen- 
erator, FYLM design produces up to 12 
volts per 1000 rpm. 


WRITE FOR NEW QUICK REFERENCE FILE 
on the complete line of Barber-Colman electrical 
components. Includes detailed specifications on 
a-c and d-c motors, tach generators, blowers. gear 
heads, relays. 


 BARBER-COLMAN COMPANY 
Dept. N, 1848 Rock Street, Rockford, Illinois 
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WHAT’S NEW 


. . . crankshafts are ham- 
mered out by hand; and man- 
val machines pace automatic 
lines 


casting and forging work for othe: 
enterprises—including an automobilk 
factory and a plant that makes dumb 
bells for weight lifters. Meeting the 
needs of these other manufacturing 
units, the Kharkov diesel plant some 
times fails to meet its own. 

>» Hangovers from the past—While 
automatic lines have taken over some 
plant operations, others close by are 
still literally done by hand—thus slow- 
ing the whole overall process. For 
example, crankshafts are still ham 
mered out by a man with sledgeham 
mer. “If the crankshaft breaks, its 
quality was poor; if it doesn’t break, 
nobody knows whether it is good o1 
bad”, the newspaper complained. 

l'o make matters worse, 20 million 
rubles worth of equipment for an au 
tomatic casting shop that could make 
the crankshafts uniformly and auto 
matically has been laving idle waiting 
for installation. The reason: the cast 
ing shop isn’t ready vet, although 
under construction for over six veat 

> Bad design—Even in the auto 


CEC’s NEW 1-185 wide-t 2D-C The ware 3-139 Sti i - ‘ i i matic parts of the plant, some portions 


i es of the production process have been 
Amplifier (left) —designed for low- Power Supply is a perfect com- left out bv the svstems designer. And 
level signals from d-c to 10kc— panion for the 1-155 D-C Ampli- the equipment itself lacks flexibility 
is completely self-contained for fier. Triple-box transformer For example, the first operation of the 


plug-in mounting. Use it to de- shielding p w leakage t a cylinder head production line is per- 
rica : stable, regu- formed on a nonau‘omatic cutting ma 


; chine so that the entire automatic 
from recording oscillograph gal- pro line that follows is paced by this 
vanometers. Solid-state circuitry ; ' dialed manually-operated cutter. Nonauto 
... internal, fully regulated power : matic machines are also used in polish 
supply. é ing and grinding operations, inte 

spersed in so-called automatic lines. 

SPECIFICATIONS: Materials handling techniques are 
Frequency response . D-c to 5 ke, +1%, d-c Output........... 2 to 15 volts, 0 to lagging, too. The newspaper found 
to 10 kc, +3% 200 ma that one worker had to manually load 
fj ; ighing 130 

Output... ..... . 200:ma peak to peak Regulation ........ 0.05% for 1 half-finished forms, weighing 
. volts peak to peak % «Bonet pounds, onto the “automated’’ fly- 

voltage a peak ” 9 heel luction |i 
in ee: 95 to 135 volts wheel production line. 

- str. A agg Ripple 0.5 mv P-P for all Most severe criticism, however, is 
Linearity +0.01% Se ok ad oe Need and eaten the automatic lines’ lack of flexibility. 
c ‘Mode Pasay: ¢ doaiitinas. « lhose running were designed to make 

Rej oA 120 db at 60 eps 1 per °C. the 53 horsepower CMD-7 engine. 


But this vear the plant was supposed 
ono ae to start producing a larger 75 horse 

Write for Bulletin CEC 1155-X5. Write 3 power CMD-14 engine. But it can’t 
ae pera sfeh be done without what the newspaper 

calls a very thorough changing of the 
automatic lines. Work has already 
been under wav for six months to 


| change the automatic lines to build 
E/ hr € : é ‘¢ - : 
ectro Mechanical Instrument Division the new engine. 
—Emest Conine 


McGraw-Hill World News 
CONSOLIDATED ELECTRODYNAMICS / pasadena, california 
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AUDIO 
AMPLIFIERS 


Soe OY ea 
< 


CONVERTERS } DATA FLASHERS 
PROCESSING 


GAUGES 


MACHINE 


REGULATORS 
CONTROL SUPPLIES 


SERVO SOLID STATE 


SYSTEMS SWITCHING 


DELCO RADIO —THE LEADER 
IN POWER TRANSISTORS 


For top performance in a wide, wide range of applications, specify Delco Radio's 
2N174. @ This multi-purpose PNP germanium transistor is designed for general use with 28-volt power 


supplies, and for use with 12-volt power supplies where high reliability is desired despite the presence of 


voltage transients. @ It has a high maximum emitter current of 15 amperes, a maximum collector diode 


rating of 80 volts and a thermal resistance below .8°C per watt. The maximum power dissipation at 71°C 
mounting base temperature is 30 watts. Low saturation resistance gives high efficiency in switching operations. 
@ The 2N174 is versatile, rugged, reliable, stable and low priced. For more details or applications assistance on the 
2N174 or other highly reliable Deico transistors, contact your nearest Delco Radio sales office. 


Newark, New Jersey Santa Monica, California 
1180 Raymond Bivd. 726 Santa Monica Bivd. 
Mitchell 2-6165 UPton 0-8807 


Chicago, Illinols Detroit, Michigan 
5750 West 5ist Street 57 Harper Avenue 
POrtsmouth 7-3500 TRinity 3-6560 

Division of General Motors - Kokomo, Indiana 
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Judging. by 
the Company 
We Keep... 


THE COMPANY WE KEEP—— 
also includes many municipalities. 


To meet the pressing need for more 
efficient community facilities, Electro- 
Mech Corporation has been called 
upon repeatedly as an authority, spe- 
cializing in the field of design and 
manufacture of control systems for 
Water Treatment, Sewage Treatment 
and Incineration . . . vital aspects in 
the health and welfare of our expand- 
ing American towns and cities. 


If you are looking for Control Sys- 
tems engineering, design assistance, 
or control center manufacturing facil- 
ities, we invite you to join the “Com- 
pany We Keep”. . Contact 
ELECTRO- MECH, 


Electro-Mech Corp., Norwood, N.J. 


Zo 
Electro-Mech 
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AROUND THE BUSINESS LOOP 


SYSTEMATION: 


From Cement to Power 


Allis-Chalmers has finally found a formula that capitalizes 
on its industrial process know-how to bring the old-line 
equipment producer into the advanced control field. 


MILWAUKEE, WIS.— 
Teams of engineers are fanning out 
from Allis-Chalmers Manufacturing 
Co.’s home office these days and tell- 
ing industry about something A-C 
calls Systemation. This word can’t be 
found in the dictionary, but A-C has a 
47-word definition for it: 
“Systemation is the service of 
combining the basic equipment of 
industrial process systems with 
proper measuring, sensing, and actu- 
ating instrumentation to display, 
record, compare, compute, or opti- 
mize control signals or commands 
and provide continuous maximum 
output of the system consistent 
with prudent investment in equip- 
ment and instrumentation.” 

What this jawbreaker means is that 
A-C, one of the country’s biggest in- 
dustrial process engineering firms, now 
has its own electronic control systems 

capability and would like to sell the 
package to anybody who’s interested. 

The first “Systemation” contract— 
a $750,000 computing-control job 
using an RCA 110 computer for an 
existing power plant operated by Gulf 
States Utilities Co.—was announced 
recently (CtE, Jan. "61, p. 153). Dis- 
cussions are currently under way with 
a number of other companies, and a 
metal rolling application for Systema- 
tion is said to be a good prospect. 

¢On the inside, buying out—Allis- 
Chalmers has been building industrial 
systems for years, and has supplied all 
kinds of basic equipment for industry, 
including a lot of controls. But until 
last summer, it had to turn to outside 
suppliers when a contract involved 
data logging functions or digital equip- 
ment for advarfced electronics applica- 
tions. Some of A-C’s biggest competi- 
tors, meanwhile, already had this capa- 
bility within their organizations. 

By using outside suppliers for the 
electronics portions of its systems, A-C 
was faced with problems in maintain- 
ing responsibility for the upkeep and 
updating of these portions over the 
long haul. “These ‘weekend marriages’ 
were sometimes exciting,” says an 


Allis-Chalmers executive. 
didn’t last.” A-C never seemed to be 
able to crash the business with a 
steady approach. 

At the same time, Allis-Chalmers 
was “putting people into business” by 
giving them a lot of basic process 
knowledge. So the company looked at 
the possibility of building its own 
group of electronics systems specialists 
from the ground up—it had been using 
a computer in design problems for 
several years—but decided this would 
be a long and arduous task. 

¢ Shopping spree—After thinking it 
over for some time, Allis-Chalmers 
began shopping in earnest about 18 
months ago for a permanent alliance. 
Its executives talked with a host of 
leading electronics companies—one es- 
timate puts it at more than 50—and 
found that many were eager to be asso- 
ciated with a company that had built 
up such a tremendous fund of indus- 
trial process knowledge. 

Last summer (CtE, Aug. ’60, p. 44) 
A-C announced acquisition of a half 
interest in Consolidated Systems Corp. 
of Monrovia, Calif., a wholly owned 
subsidiary of Consolidated Electrody- 
namics Corp. The parent firm of 
CEC, in turn, is Bell & Howell Co. of 
Chicago, photographic and _ office 
equipment manufacturer. 

CSC which had cut its teeth pri- 
marily on military jobs, had experience 
in designing complex data processing 
systems used in advanced applications 
like jet engine testing, missile check- 
out, wind tunnel testing, etc. It had 
designed and built a lot of sensing 
instruments to go along with them 
but was also a big user of CEC’s prod- 
ucts. Originally, CSC started out as a 
small group within CEC to accomplish 
particular tasks that a _ customer 
wanted. It became a division in 1954, 
now has over 500 employees, of whom 
a third are technical. Both Allis- 
Chalmers and CSC were dedicated to 
the systems approach, and Bell & 
Howell’s experience in working with 
optics was a plus factor. 

¢An organization is people—A-C 


“But they 
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New Norden 
“disc” design 
creates 


High count, multiple turn Gray encoders 
... Without indexing mechanisms 


Norden engineers have succeeded in incorporating are the smallest multi-turn Gray encoders avail- 
double brush logic in a Gray encoder, model Apc- able, and store nearly twice as much in a given 
16-GRAY, achieving multiple turn capabilities and diameter as units using a pure binary code. 

high resolution per turn... without the need for 


P : e eliminate ambiguity situations caused by cross- 
between-stage indexing mechanisms. 


coupling, simplifying telemetering problems such 
Norden ADC-GRAY code units: as may arise in space satellites. 


@ meet or exceed military specifications. Norden offers several models in Gray-code encoders 
with a total count range of 2° to 2'6, Review your 
requirements and send for detailed specifications 
and drawings or call. TRinity 4-6721. 


e@ assure freedom from error due to positional am- 
biguities. 

REVOLUTIONS FOR 
FULL COUNT 

ADC-16-GRAY 65536 64 3.25 

ADC-ST10-GRAY 1024 3.25 

ADC-ST9-GRAY 512 2.25 

ADC-ST8-GRAY 256 1.75 


TYPICAL MODELS TOTAL COUNT DIAMETER 





UNITED AIRCRAFT CORPORATION 
NORDEN DIVISION 


NORWALK, CONNECTICUT 


NORDEN 
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a.¢. voltage 


measurements 
0 0-05 7% using the 


MUIRHEAD-WIGAN 
PRECISION 

R.M.S. DECADE 
VOLTMETER 


A sensitive, true r.m.s. reading instrument with outstanding features : 


Wide voltage range, 1mV—300V 

Wide frequency range, 5 c/s—100 ke/s 

High accuracy (basically 0.05%) 

Reading accuracy --0.025% at all points 
Built-in standardizing circuit 

Ideal for industrial and laboratory applications 


Easy to use 


>, 2+ = &. 2 Be -& 


4-way protected against mis-use 
WRITE FOR PUBLICATION 150 


MUIRHEAD 


Precision Electrical Instruments 


MUIRHEAD INSTRUMENTS INC., 441 Lexington Avenue, New York, 17, N.Y. 
Telephone: Murray Hill 2-8131 
MUIRHEAD & CO, LIMITED, Beckenham, Kent, England 
Telephone: Beckenham 4888 
MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada 
Telephone : 271-3880 


aao/9 


50 CIRCLE 50 ON READER SERVICE CARD 





WHAT’S NEW 


moved quickly to implement its new 
action. In a matter of days, CSC en- 
gineers were behind desks in the Indus- 
trial Systems Dept. of A-C’s Industrial 
Equipment Div. Industrial Systems, 
headed by B. G. Witty, consists en- 
tirely of application engineers. Their 
job is to apply Allis-Chalmers equip- 
ment to systems and coordinate and 
handle the whole project. 

Thirty-six vear old L. Merle Wilson, 
with CSC since 1954 and a specialist 
in digital systems and communica- 
tions, was named manager of CSC’s 
Milwaukee operation. ‘Two other 
young engineers—M. B. Edwards (29), 
who had a background in applying 
electronics to chemical processing, 
and R. L. Felberg (34), an instrumen- 
tation man, were also dispatched to 
Milwaukee. 

In addition to three full-time CSC 
men in Milwaukee, three others now 
shuttle back and forth between there 
and Monrovia, and John C. Alrich, 
assistant director of CSC’s Industrial 
Systems Engineering, is a frequent 
visitor to Wisconsin. These men co- 
ordinate mainly with W. Ed Korsan, 
46-vear old assistant manager of A-C’s 
Industrial Systems Dept. 

Coordinating at CSC’s end is 
George G. Brooks, 34, formerly sales 
manager of A-C’s Control Dept., who 
was sent to Monrovia and named di- 
rector of Industrial Systems Engineer- 
ing there. He _ provides first-hand 
knowledge of A-C’s workings, and a 
number of engineers work with him. 

William Terry, Jr., general manager 
of A-C’s Electrical Depts., coordinates 
\-C’s Industrial Systems Dept. with 
the controls, motor-generators, and 
Norwood (motors) groups and reports 
to William M. Wallace, vice-president 
and general manager of the Industrial 
Equipment Div. George Saar, general 
manager of the Mechanical Depts., 
also reports to Wallace and works with 
Terry. Wallace cooperates with vice- 
presidents heading the Nuclear Power 
and Power Equipment Div. of A-C’s 
Industries Group. The new look at 
Allis-Chalmers is obviously a young 
look, too. Even Vice-President Wal- 
lace is just 46; Terry is 38. 

¢ Three-barrel attack—This group 
started out to attack three specific 
areas of industry: power generation, 
metal rolling, and drv_ processing. 
These three areas are vital to Allis- 
Chalmers’ business. A-C is so diversi- 
fied that it does not attempt to sell 
with a product approach but rather 
with an industries approach: to try to 
determine present and future needs 

(Continued on page 173) 
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ASCO SOLENOID VALVES ARE ENGINEERED 
ORS aS 


a i 


mmm 


Tight Shut-Off at Pressures to 3000 PSI, 
Temperatures to Minus 350°F. 


ASCO now brings you a family of solenoid valves, specially 
designed for missile applications with tough environmental or 
operational requirements. Two, three and four way valves are 
available with standard, explosion-proof or watertight sole- 
noids; sizes range from %” through 2%4”. Fluids handled in- 
clude air, liquid oxygen, helium and nitrogen (liquid and 
gaseous). Valves can be supplied with continuous duty coil 
windings for 24 volts D-C, and for any other commercial volt- 
ages required. All types are packless (hermetically sealed), 
providing tight shut-off, with no external leakage to atmosphere. 


Two Way Valves... normally open or normally closed, easily 
handle fluids at pressures to 3000 psi, temperatures to -350° F. 
Valves are stainless steel with teflon discs; most sizes are avail- 
able with AN connections (Main IIlustration-Bulletin 8223X). 


Three and Four Way Valves. . . are suitable for piloting 
cylinder operated valves. Three way valves are also utilized 
for controlling single acting cylinders, and diaphragms; four 
way valves are used for controlling double acting cylinders. 
Unique poppet type seats and discs assure tight seating at 
pressures to 750 psi, temperatures to -65° F. Valve shown belew 
(Bulletin 8344X) is suitable for 4 way applications, or may be 
used for 3 way installations by plugging one cylinder connection. 


Proposals are submitted upon receipt 
of specifications—or an ASCO Engineer 
can help you in solving your ground 
support valving problems. 

For additional information on ASCO 
Solenoid Valves for Missiles, write for 
Publication V5056. 


ASCO Valves 


50-G HANOVER RD., FLORHAM PARK, N. J., FRONTIER 7-4600 


Automatic Switch Co. 


AUTOMATIC TRANSFER SWITCHES * SOLENOID VALVES 


e ELECTROMAGNETIC CONTROL 
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introducing the Foxboro 
electronic d/p cell’ transmitter 

















The Foxboro electronic d/p cell 
transmitter and this Foxboro 
pneumatic d/p cell transmitter 
use the identical cell body. Only 
the top transmitting mechanism 
has been changed. 


Yes, Foxboro has taken its famous pneumatic 

d/p Cell and added the benefits of electronic 

transmission. It’s the new Foxboro electronic 

d/p Cell transmitter. Look at the results: 

® both power and signal travel over the same 
pair of unshielded wires — no field power 
supply required 
pressure, flow, and level transmission up to 
several miles without lag 

® true force-balance design for lowest dis- 
placement — highest overrange protection 

@ high level 10-50 ma d-c signal provides 
powerful rebalancing force 

@ adjustable ranges from 5” to 850” water 


with external zero adjustment — working 
pressures of 1500 and 6000 psi 


And, of course, you get the same positive 
overrange protection, the same high sustained 
accuracy, the same rugged construction that 
has always been standard with the Foxboro 
d/p cell transmitter. 


> 


If you’re thinking “electronic,” it will pay 
you to investigate this important instrument 
in the Foxboro Electronic Consotrol* family. 
Get in touch with your Foxboro Field Engi- 
neer for complete details, or write for Bulletin 
21-10. The Foxboro Company, 852 Neponset 
Avenue, Foxboro, Massachusetts. 

*Reg. U.S, Pat. Off. 





FOXBORO 
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ENGINEERING 


Nothing is lost in the translation with Benson- 
Lehner’'s new Machine Language Trans/ator. What is 
gained, however, withthisnew solid-stateinstrument 
is the ability to translate machine languages. The 
Translator will automatically convert data in 


one digital code or form to, 1) output in another 


1079.113 0) 0] 9 a) 9494 2.4 
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digital code or form, or 2) to a signal suitable for 
input into any Benson-Lehner Electrop/otter or 
similar device. Translation speeds are dictated by 
the input and/or output modes, i.e., operating speed 
in conversion of digital magnetic tape to graphs is 
limited by the speed of the graphing instrument. If 
yours is a problem in converting digital data to 
graphs or getting any format of recorded digital 
data to talk to any other format, let us know. We 


will make up one of these for you...fast. Write to 


"| benson-lehmer co;poration, 


1860 Franklin Street, Santa Monica, California. 
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What is “Pinpoint Recruiting’”’’? 


the act of going directly to the most concentrated source of supply 
fine ‘the right man’ for the job. 


Control Engineering is his professional literature. Through its consistently 
high calibre editorial content, he keeps pace with developments in measure- 
ment and control and information systems. The design and application of 
these are his broadgauge field. His forte is computer engineering and pro- 
gramming, systems analysis, equipment design...the whole range of dis- 
ciplines contributing to ‘oday’s most dynamic technology. 

Your most direct link to ‘the right man’ is in the pages of the publication 


he makes it his business to read. 


Write for the 20-page file-size beoklet ‘‘How to Attract Engineers’’ 
Address: David Hawksby, Classified Advertising Division, 
Control Engineering, Post Office Box 12, New York 36,N.Y. 


The man you need is the man who reads 


‘@elsiice) 


ENGINEERING 


INSTRUMENTATION AND CONTROL SYSTEMS 


Q@. A McGRAW-HILL PUBLICATION 4B) 





Astounding 
Performance 


Allieds Line of 


Military ang 


Commercial 
“Tradl Helays 


Life in the hundreds of millions 


Small size and weight e Low level up to 5 
amperes @ Sensitivity from 50 milliwatts 
e Up to 6-pole double-throw e Sealed, open 
or dust cover @ Plug-in, printed circuit or 
solder type terminals e Stocked throughout 
the country e Amazingly low cost e Write 
for our complete new 4-page Cradle Relay 
Bulletin. 


© ALLIED CONTROL 


ALLIED CONTROL COMPANY, INC. 
2 Gast Enc Avenue, New York 21, N. Y. 
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FRONT ADJUSTMENTS 
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First introduced in miniature instrumentation by Taylor, 
the front adjustment feature of TRANSCOPE* Re- 
corder-Controllers—pneumatic or electronic—is a 
real time and money saver. 


No longer is it necessary to have one operator in back 
of the control panel to adjust the controllers and an- 
other in front to tell him the results—or worse, to have 
to do the job alone. Now one man makes the controller 
adjustments from the front of the recorder. He can see 
what he is doing, and the results, because record and 
set point are side by side and always in view. He does 
the job easier, faster and better. 


All adjustments, including Gain, Reset and PRE-ACT* 
responses are calibrated in specific units and are made 
with a screwdriver. 


This elimination of ‘blind adjustments’ is another ex- 
ample of the careful attention to detail that has gone 
into the design of the Taylor TRANSCOPE line of In- 
struments. Important details that help lower your 
processing costs while maintaining the highest stand- 
ards of product quality. 


Ask your Taylor Field Engineer to demonstrate the TRAN- 
SCOPE 90] (Pneumatic) or 700] (Electronic) Recorder. 
Or write for Catalog 98286 (90]) or 98335 (700]). Taylor 


Instrument Companies, Rochester, N. Y., or Toronto, Ont. 


*Reg. U.S. Pat. Off. 


Taylor Lustruments 


MEAN ACCURACY FIRST 
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2Channels . . . 35” high mobile cart 
. » Choice of 4 plug-in preamps 


Interchangeable plug-in “850” type pre- 
amplifiers in Carrier, DC Coupling, Phase 
Sensitive Demodulator and Low Level 
types, for inputs ranging from micro- 
volts to hundreds of volts . . . internal 
MOPA available when carrier or chop- 
per excitation is required . . . heated 
Stylus, rectangular coordinate recording 
on 50 mm wide channels . . . transis- 
torized circuits . . . frequency response 
to 125 cps within 3 db, at 10 mm 
peak-to-peak. Mode! 297 can also be 
used in optional portable case or rack 
mounted in 1042” of panel space. 





Two 50 mm wide channels . . . sepa- 
rate floating input DC amplifiers... . 
4 chart speeds . . . mv or volt inputs 


Operate this 1-cubic-foot recorder ver- 
ticaily, horizontally, or tilted at a 20° 
angle on carrying handle. Inputs are 
floating and guarded . . . 12 sensitivi- 
ties from 0.5 mv/mm to 20 v/em... 
response DC to 125 cps within 3 db, at 
10 div peak-to-peak . . . max. non- 
linearity 0.25 mm . . . common mode 
rejection 140 db min. DC . . . built-in 
10 mv calibration signal and electrical 
limiting . . . internal 1 sec. timer... 
monitor output connectors for each 
channel. Galvanometers are rugged, low 
impedance type with velocity feedback 
damping; most circuitry for each chan- 
nel is mounted on a single, easily serv- 
iced card. 


ae 


.: DC inputs 
| and AC strain gage record- 

BOLD. Two chart speeds: 5 
sec... . inkless, rectan- 

OC to 100 epe within 3 chat 10 
3 db, at 10 
peak-to-peak = ¥ 5 gain stability 
‘than 1% to 50°C and for line 
99 tus balanced to 127 volts. 
t to ground in- 
switch - selected sensitivities, 
zero suppression. Mode! 301 
Tanges, can be used 

is and inductive trans- 
4 voltage of 
rms at 2400 cps, 
zero suppression. 


ji 


Tet 


rie 
is 


coma ls cnet yu nae bn Steno 
representative. Sales sepresentatives are located in 
throughout the United Stetes, Conade and 


saNnona 5 


INDUSTRIAL DIVISi 





“175 Wyman Street, Waltham & 4, M aseact 
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-. SIMPLE, RELIABLE I 


7 DIRECT CONTROL PROGRAMMING 
U 1 


[ 


Inousraiat PUNCHED CARD AND PUNCHED TAPE 


_. PROGRAMMING EQUIPMENT 


U 


Automatic equipment designed to provide direct 
control, without coding or decoding, for as many 
as 85 individual load circuits, through 30 or more 
different steps of an industrial process. 

The Programmer is governed by a simple, punched 
vinyl card. The ecard or tape is advanced from 
position to position by a simple external switch 
closure signalled by feedback, time, limit switch, 
thermostat, and many others. 

Programming equipment operated by punched 
tape is also available. Modular design permits 
addition of accessory banks of memory-type load 
relays. Industrial Timer Programmers are now in 
use for the automatic control of steel and alumi- 
num blooming mills, structural steel fabrication, 
batching solid rocket fuels, and many other indus- 
trial processes. 





Complete information in Bulletin 100, sent on request. Write or phone. 


INDUSTRIAL TIMER CORPORATION 


1401 McCarter Highway, Newark 4, New Jersey 


58 CIRCLE 58 ON READER SERVICE CARD CONTROL ENGINEERING 





a 6EZ8 


TYPES 
6476, 6802, 6879 


) should specify 


ESYLVANI 
SYLVANIA ES": 


MADE IN U.SA 


ptt 


Imagine a device so versatile it can count... measure... 
monitor ... program ...sample...sort...index... 
scale ... tabulate. One that combines actuating and direct 
readout functions. And provides the following extraor- 
dinary results: significant circuit economies, compact 
equipment design and improved circuit reliability. The 
device? Sylvania Decade Counter Tubes! 


Sylvania Cold Cathode Decade Counter Tubes pro- 
vide visual readout from a sharply defined ion glow mov- 
ing on a peripheral ring of 10 output cathodes around a 
common anode. They also feature add-subtract capabili- 
ties, low power requirements and low initial cost. Sylvania 
Counter Tubes offer high reliability even under long 
periods of standby operation — the result of improved 
design and rigid manufacturing control. 


Sylvania 
14! Counter 








Tubes 





Measure the advantages of Sylvania Decade Counter 
Tubes. Count on your Sylvania Sales Engineer for full 
data and engineering assistance. For the informative 
Decade Counter Tube Handbook, contact your Sylvania 
Industrial Tube Distributor. Or, enclose 15¢ to Elec- 
tronic Tubes Division, Sylvania Electric Products Inc., 
Dept. 132, 1100 Main St., Buffalo 9, N.Y. 





Min. Double 
Total Anode Min. Anode Pulse Min. Double 
Sylvania Current (mA) Supply Voltage Amplitude Pulse Width 
Types Min. Max. (Vde) (Vv) (usec) 





0-4KC 
6476 (T-11) 
6802 (T-9) \ 0.3 0.6 
6879 (T-5¥2) ) 





0-100KC 
6909 (T-9) 





6910 (T-11) t 0.6 0.8 
7155 (T-5¥2) 








SYLVANTA 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS es) 
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MAIL COUPON AT RIGHT TODAY | 
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system 
ENGINEE RING 


Switching - 
With Computer Appli- 
cations by W. Hum 
phrey, Jr. Applies 
switching-circuit tech- 
niques to design of 
electronics systems. 


Publisher’s Price, $8.50 
Club price, $7.25 


Pulse and Digital Cir- 
cuits by J. Millman 
and H. Taub. Explains 
cireuits for effective 
electronics systems de 
sign 

Publisher’s Price, $13.50 

Club Price, $11.50 


Magnetic Amplifier En- 
gineering by G. M. At- 
Gives principles 
applications of 
magnetic amplifiers. 
Publisher’s Price, $7.50 
Club Price, $6.40 


Handbook of Semicon. 
ductor Electronics by L 
Hunter. Covers princi- 
ples of operation, man- 
ufacturing, applications 
Publisher’s Price $14.00 
Club Price, $11.90 


Transistor Circuits and 
Applications edited by 
J. M. Carroll. Hun- 
dreds of transistor cir- 
cuits for scores of ap- 
plications. 

Publisher’s Price, $8.00 

Club Price, $6.80 


Electronic Measure. 
ments by Terman 
and J. Petit. 2nd Ed. 
Covers measurement 
fundamentals in radio, 
T radar and: other 
pulsed systems 

Publisher’s Price, $12.50 

Club Price, $10.65 


Mathematics for Elec- 
tronics with Applica- 
tions by H. M. Nodel- 
man and F. W. Smith, 
Jr, Mathematical meth 
ods for solving over 300 
typical electronics prob 
lems 

Publisher's Price, $7.00 

Club Price, $5.95 


Electronic Designers’ 
Handbook by R. Landee, 
D. Davis, and A. Al- 
brecht. Detailed, prac 
tical design data on 
electronics circuits for 
all types of equipment 
Publisher's Price, $16.50 
Club Price, $14.05 


System Engineering — 
An Introduction to the 
Design of Large-scale 
Systems by H. Hi. 
Goode and R. E. Machol. 
Modern methods for 
solving problems of 
large-scale systems. 
Pubticher : Price, $11.50 

Club Price, $9.80 


Electronic Digital Com- 
puters by C. Smith Ex- 
plains principles and 
operations of arith- 
metic, circuits, and 
components in modern 
digital computers. 

Publisher's Price, $12.00 

Club Price, $10.25 


Circuits — 
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00 


VALUES UP 
TO $16.50 


oP 


To NEW MEMBERS 
of the 


Electronics and 


Control Engineers’ 
Book Club 


How many of these books do you 


wish you had at Club savings? 


Select one for JUST A DOLLAR! Choose from Electronic Designers’ 
Handbook, Pulse and Digital Circuits, Electronic Measurements, and 
seven other valuable books your introduction to membership in 
the Electronics and Control Engineers’ Book Club. 

If you're missing out on important technical literature—if today’s 
high cost of reading curbs the growth of your library—here’s the 
solution to your problem. The Electronics and Control Engineers’ Book 
Club was organized for you, to provide an economical technical reading 
program that cannot fail to be of value to you. 

All books are chosen by qualified editors and consultants. Their thor- 
oughgoing understanding of the standards and values of the literature 
in your field guarantees the authoritativeness of the selections. 


HOW THE CLUB OPERATES 


Every second month you receive free of charge The Electronics and 
Control Engineers’ Book Bulletin (issued six times a year). This gives 
complete advance notice of the next main selection, as well as a number 
of alternate selections. If you want the main selection you do noth- 
ing; the book will be mailed to you. If you want an alternate selection 

. .. or if you want no book at all for that two-month period notify the 
Club by returning the convenient reply card enclosed with each Bulletin. 


SAVES YOU MONEY AND THE BOTHER OF SHOPPING 


We ask you to agree only to the purchase of three books in a year. 
Certainly out of the large number of books in your field offered in any 
twelve months there will be at least three you would buy anyway. By 
joining the Club you save yourself the bother of searching and shop- 
ping, and save in cost about 15 per cent from publishers’ prices. 

Send no money now. Just check any two books you want—one for 
“— $1.00 and one as your first Club selection—in the coupon below. 

Take advantage of this offer now, and get two books for less than the 
regular price of one. 


THIS COUPON WORTH UP TO- 


The ELECTRONICS AND CONTROL ey BOOK CLUB, Dept. CON-2 
327 West 41st Street, New York 36 


Please enroll me as a member of the ol and Control Engineers’ Book Club. 
I am to receive the two books I have indicated below. You will bill me for my 
first selection at the special club price and $1 for my new membership book, plus 
a few additional cents for delivery costs. (The Club assumes this charge on prepaid 
orders.) Forthcoming selections will be described to me in advance and I may 
decline any book. I need take only 3 selections or alternates in 12 months of 
membership. (This offer good in U.S. only.) 
Check 2 books; #1 for dollar book and #2 for Club selection 
O Switching Circuits, $7.25 0) Electronic Measurements, 

Pulse and Digital Circuits, $10.65 

$11.5 O Mathematics for iagteeaniee 
"] Magnetic Amplifier Engineer- with Applications, $5.9 

ing, $6.40 0 Electronic Designers’ Hana- 
] Handbook of Semiconductor book, $14.05 

Electronics, $11.90 0) System Engineering, $9.80 

Transistor Circuits and Ap- () Electronic Digital Comput- 
plications, $6.80 ers, $10.25 


PLEASE PRINT 


Address 


Company 
If not completely satisfied, you may return 


NO RISK GUARANTEE your first shipment within 10 days and your 


membership will be canceled. CON-2 
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WIND COMPUTER MODULE 


accepts input information in 
the form of.air speed and 
ground speed and computes 
and displays wind force and 
direction. The ground speed 
inputs are inthe form of a 
heading velocity and drift 
velocity components. 


HELP 


SPECIFYING, DEVELOPING, DESIGNING, PRODUCING 


A Qualiy Sar Febage P 


Here at Clifton Precision, you will find of quality, accuracy and reliability. 

a complete systems facility sympathetic For a detailed brochure showing what 
to your needs. For eight years, we have we can do for you, write or telephone 
been producing the finest servo modules our Sales Department, Madison 2-1000 
made up to our own rigid requirements or our representatives. 


{ ' : 
aa , 1. CPPC designed and manufactured transducer con- 
Lu (a; 4 a Systems / Iwision verts a mechanical shaft input into a linear precise 


electrical output 


cppe 


SYSTEMS DIVISION 


/ / F ait > 2 : 
(Ole all Your Sw /Yoblom 2. Synchronizer Drive used to null out transmitter 


signals. Wide variety of gear ratios available. Also 
2-speed operation 


CLIFTON PRECISION PRODUCTS CoO.,INC. 


CLIFTON HEIGHTS, PENNSYLVANIA 
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TubeXperience in Action 


; 


Deep well pressure readings within .05% accuracy 
with help of Superior Ni-Span C* Bourdon Tubing 


Accurate down-well pressure readings, indicating changes of 
only 1 to 4 psi at bottom-hole pressure of 2000 psi, are hard 
to get, but extremely important. They demand a pressure 
gage accuracy of at least 0.19% to make the vital engineering 
calculations based on them of any value. 


To achieve this accuracy and better it, Superior was asked for 
help in selecting the Bourdon tube material for an improved 
bottom-hole measuring device. After careful study, its metal- 
lurgists recommended Ni-Span C nickel-chrome alloy for the 
Bourdon tubes. This material was chosen for its relative 
insensitivity to temperature changes, coupled with superiority 
in Operating temperature, mechanical hysteresis, and elastic 
drift; also for its fatigue resistance and spring properties. 


The customer followed the suggestion and now this gage, 


Swwerrir 
GCE name in small tubing 

NORRISTOWN, PA. 
All analyses .010 in. to Yin. OD—certain analyses in light walls up to 2% in. OD 


West Coast: Pacific Tube Company, Los Angeles, California e FIRST STEEL TUBE MILL IN THE WEST 
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which is unique in bottom-hole pressure instruments for the 
reason that it utilizes a helix-wound Bourdon tube to transmit 
directly the effects of pressure to a recording stylus, is rated 
0.1% accurate. In fact, with special care in operations and 
calibration, it can measure within .05% accuracy. 


NI-SPAN C TUBING NOW STANDARD AT SUPERIOR 


Ni-Span C redraw stock is now in inventory at Superior, 
available for immediate production in a range of sizes from 
.010 in. to % in. OD, up to .125 in. wall max., and from 
¥% in. to 14% in. OD in wall thicknesses up to .035 in. max. 
Shaped tubing can be produced to customers’ prints. Perhaps 
you have an application that can benefit from its unusual 
properties. Write for Data Memorandum No. 19. Superior 
Tube Company, 2026 Germantown Ave., Norristown, Pa. 


fide 


*Registered trademark of International Nickel Co. 
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FEBRUARY 


Mieasure dc currents 
0.3 ma to 1 ampere 





& 428A CLIP-ON 
MILLIAMMETER. 


Probe clamps AROUND wire; measures by sensing magnetic field! 


Think of the measuring convenience, time saved 
and accuracy gained when you don’t have to break 
into a circuit, solder on a connection, or worry 
about probe loading. 


With the ® 428A Milliammeter and its new probe, 
you literally “clamp around” and read! You get 
maximum accuracy because there is no effective 
circuit loading from the 428A’s dc probe. The in- 
strument easily measures dc currents in the pres- 
ence of ac. And insulation is more than adequate 
? — safe measurements at all normal voltage 
vi 


For extremely low current level measurement, sen- 
sitivity can be increased by looping the conductor 
through the “jaws” of the 428A probe two or more 
times. 

Brief specifications are given here; for complete 
details and demonstration on your bench, call your 
® representative or write direct. 


Specifications 


Current Range: Less than 0.3 ma to 1 amp, 6 ranges. 
Full scale ——— from 3 ma to 1 amp: 3 ma, 10 ma, 
30 ma, 100 ma, ma, 1 amp. 
Accuracy: + 3% + 0.1 ma. 
Probe inductance: Less than 0.5 wh maximum. 
Probe induced Voltage: Less than 15 mv peak. 
Effects of ac in circuit: Ac with k value less than 
full scale affects accuracy less than 2% at frequen- 
cies different from the carrier (40 KC) and its har- 
monics. 
Power: 115/230 v + 10%, 50-60 cps, 70 watts. 
Size: Cabinet mount, 742” wide, 1142” high, 144%” 
deep. Weight 19 pounds. Rack mount, 19” wide, 7” 
high, 1242” deep. Weight 24 pounds. 
Probe Tip Size: imately 5%e” x 7/16”. Wire 
aperture diameter 3/16”. 
Price: (Cabinet) $500.00; (Rack) $505.00. 

Data subject to change without notice. 

Prices f.o.b. factory. 


HEWLETT-PACKARD COMPANY 


1005B PAGE MILL ROAD © PALO ALTO, CALIFORNIA, U.S.A. 
HEWLETT-PACKARD S. A., RUE VIEUX BILLARD NO. 1, 
GENEVA, SWITZERLAND 
CABLE “HEWPAKSA” © TEL. NO. (022) 26, 43, 36 
CABLE “HEWPACK” © DAVENPORT 5-445! 


Field representatives in all principal areas 


Test the new bp) Tobey: Wa BL Oam DIT-ahe-T Mm Uelideal-ia-16 
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“it~ NEW 
OD KLM 
COMMODITY 
RATES 
AS LOW 
AS 30¢ 


PER POUND: Mi 


Now only 30¢ speeds your shipment to Europe! Virtually the same rate as 
surface freight keeps your inventory low—buys you overnight service, 
daily freighter flights, famous KLM care. Charter a special KLM 
freighter and you pay even less! New low rates also to the Near 


East, Middle East, Far East and Africa. Call your cargo agent or 
nearest KLM office. KLM, 609 Fifth Ave., New York, NY. 4 Y. Yj 
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You have asked... 


Q. Your natural-color polyethyl- 
ene for high-voltage insulation, 
ALATHON 3B, NC10, has been 
around for several years now. 
Have you introduced a better 
resin? 


A. No... nobody (including us) 
has been able to match the re- 
sistance of ALATHON 3B, NC10, to 
combined coronaand mechanical 
stretching (bending) under a vari- 
ety of conditions. The search for 
asuccessor may be academic since 
we have never had a failure in any 
of our 15K Vcables insulated with 
the 3B resin. Nevertheless, eter- 
nally optimistic about maintain- 
ing a lead, we have lots of new 
compounds under test. If one 
looks better, we'll be in touch 
with you. 


Q. If ALATHON 3B is so good, tell 
me how I can be sure of getting 
its outstanding properties with- 
out naming brands? 


A. Rely as you ordinarily do, on 
the judgment of responsible 
cable manufacturers, There is no 
simple way yet, outside of our 
published electro-mechanical 
stress-crack test, or some equiva- 
lent way (not all of which are 
reproducible) of separating res- 
ins of superior electrical life from 
others of identical melt index and 
density. Nevertheless, for the 
present, it will narrow the field 
somewhat to specify a melt index 
of 0.2 to 0.4 and density in the 
general range of 0.92. 


| DuPont does not manufacture wire and 
cable, but supplies thermoplastic resins 
to the wire and cable industry. 











FEBRUARY 


POLYCHEMICALS DEPARTMENT 


1961 


WIRE AND CABLE 


ROUND TABLE 


Seven-conductor 600-volt control cable with jacket of ALATHON over the aluminum 
sheath offers necessary corrosion protection for chemical plant hook-up. 


General Cable uses ALATHON® and ZYTEL” 
for unique control cable construction 


The problem of acute corrosion attack on 
metal conduits has been licked at a Texas 
chemical processing plant. A unique control 
cable construction, utilizing a 0.032” jacket of 
Du Pont ALATHON4, BK-30, polyethylene resin 
over the aluminum sheath, has solved the prob- 
lem. The cable is manufactured by General 
Cable Corp. of New York. 

The jacket of ALATHON completely protects 
the aluminum sheath from the corrosive ele- 
ments in the air. In addition, it also provides 
additional electrical and mechanical protec- 
tion to the cable, and allows quick and neat 
installation. 

The 0.020” primary insulation over the seven 
conductors in this 600-volt cable is also 
ALATHON 4, BK-30. This black, weather-re- 
sistant type of insulation was used to protect the 
cable at outside terminations in the open plant 
structure, Over the primary, a thin 0.004” 
secondary insulation of ZYTEL 37X nylon resin 


ALATHON’ 


POLYETHYLENE RESINS 


RULAN’ 


FLAME-RETARDANT PLASTICS 


is used for mechanical protection at termination 
points. The skin of ZyTEL, which is also 
weather-resistant, completely protects the cable 
from rough handling and the abrasion found 
in crowded junction boxes. 

Find out how insulation and jacketing of 
the Du Pont plastics may give you installation 
savings. Consult your wire and cable manu- 
facturer, or write: the Du Pont Company, 
Dept. CE-2, Room 2507A, Nemours Bldg.,! 
Wilmington 98, Del. In Canada: Du Pont of 
Canada Ltd., P.O. Box 660, Montreal, Quebec. 


ALUMINUM 
ALATHON 


ZYTEL* 


NYLON RESINS 
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@ You can do MORE with the 
NEW TEKTRONIX C-12 CAMERA 
than you can with any other 
® Oscilloscope Camera 


... picture this 


1 KMC damped oscillation 


(single shet at 2 nsec/cm). 


Typical hysteresis loops (multiple 
exposure of varying amplitudes). 


...like this 


One-hand portability 
Lift-on mounting 


mee) al h MLS 


C12 CAMERA 


The C-12 Camera combines flexibility with simplicity. It offers 
you new convenience in undistorted viewing and direct record- 
ing of oscilloscope traces. 


Here’s why: 


You can use Polaroid* or any conventional film. 


You can use the unique sliding back, adjustable to horizontal or 
vertical. On this sliding back, you can interchange the par- 
focal, film-holding backs, lock them securely in 5 detent 
positions, also rotate them thru 90° increments (with the long 
axis of the film horizontal or vertical). 


You can choose from 8 easily-interchangeable lenses — in vary- 
ing object-to-image ratios and maximum aperture to f/1.5. 
The lenses are housed in uniform, pre-focused, calibrated 
mounts with keyed threads — so the shutter-speed and 
diaphragm-opening controls always appear at the same ac- 
cessible position on the camera. 


C-12 CAMERA........... s:6-24 ane 


Includes: f 1.9 Lens (with 1:0.9 object-to-image ratio) complete with 
cable release, Focusing Back, Polaroid*® Back, and Minute Timer 


Registered by Polaroid Corporation 


TEKTRONIX FIELD OFFICES 


TEKTRONIX ENGINEERING REPRESENTATIVES: 


Europe please write Tektronix In« 
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Family of characteristic curves 
(for NPN transistor) 


Damped sine wave (multiple ex- 
posure asing all 5 detent 
positions), 


Comfortable viewing — 
with or without glasses 


Swing-away hinging 


For more information about these and other features of the 
new C-12 Camera...and the many accessories designed 
for specialized applications . call your Tektronix Field 
Engineer. 


Tektronix, Inc. 


P.O. Box 500 * Beaverton, Oregon 
Phone Mitchell 4.0161 * TWX—BEAV 311 © Cable: TEKTRONIX 


Victoria Ave St. Sampsons, Guernsey C.l., for the address of the Tektronix Representative in your country 
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Neither stargazer nor mystic, this 
K & M technician can nevertheless 
see into the future. His crystal ball 
is a small mass of radioactive Irid- 
ium; his fortune-telling cards, 
gamma-ray pictures of critical valve 
assemblies. With these pictures he 
searches out the kind of subtle flaws 
and tiny imperfections that could 
become trouble spots at some future 
time. And so he is able to predict 
and prevent in-service failures and 
malfunctions. 


diaphragm control valves 


Our 79th Year 
S.A. 1902 
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Radiographic inspection is just 
one way in which K & M works to 
insure a long and healthy service 
life for its products. K & M’s in- 
plant quality control facilities range 
from a contour comparator, for pre- 
cision checking of small parts, to a 
4000-gpm flow test loop, where 
sample valves from the production 
line are tested for on-stream per- 
formance. Micrometer and calipers 
play an important part, too, for 
each K & M valve is subjected to 


more than eight hundred dimension 
check-outs before it reaches the 
shipping crate. It’s either perfect, 
or “no go.” 

K & M’s meticulous standards of 
quality control are neither myth nor 
magic . . . just good business — for 
us, and for you. 


For a more detailed view of our plant and 
production practices, send for the well-illus- 
trated, informative brochure, ‘‘This Is K & M."’ 


KIELEY .& MUELLER, INCORPORATED 


Oldest Pressure and Level Control Valve Manufacturer 
64 Genung Street, Middletown, New York 
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Said Isaac Newton: 
“Every particle of matter attracts every other particle with a force directly proportional to the product 
of their masses and inversely proportional to the square of the distances between them.” 


Until recently, the thrust which propelled rocket vehicles into their coast stage, prior to orbiting, was provided by booster 
stages. The fuel carried by the satellite stage was used only to inject itself into orbit. 

Now, however, a scientist at Lockheed Missiles and Space Division has evolved a Dual Burning Propulsion System 
which allows higher orbits and heavier payloads. With this system, the satellite vehicle fires immediately after the last booster 
stage burns out, thus augmenting the begin-coast speed. Later the satellite stage is re-started to provide orbit injection. 

An even more recent development by Lockheed is a triple-burning satellite stage. This will permit a precise 24-hour 
equatorial orbit, even though the vehicle is launched a considerable distance from the equator. 

These principles have made possible the early development of the MIDAS satellite. Moreover, they substantially 
increase the altitude and payload of the DISCOVERER series. Lockheed, Systems Manager for these programs and for the 
POLARIS FBM,is pursuing even more advanced research and development projects. As a result, there are ever-widening op- 
portunities for creative engineers and scientists in their chosen fields. 

Why not investigate future possibilities at Lockheed? Write Research and Development Staff, Dept. M-15D, 962 West 
Ei Camino Real, Sunnyvale, Calif. U.S. citizenship or existing Department of Defense industrial security clearance required. 


Lockheed / meses AND SPACE DIVISION. 


Systems Manager for the Navy POLARIS FBM and the Air Force AGENA Satellite in the DISCOVERER and MIDAS Programs 


SUNNYVALE, PALO ALTO. VAN NUYS. SANTA CRUZ, SANTA MARIA, CALIFORNIA® CAPE CANAVERAL, FLORIDA® HAWAII 
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ihe newest Mincom magnetic tape instrumentation recorder /reproducer, to be announced in 
detail next month, answers the need for better performance in the intermediate frequencies. 
Covering bandwidths from 200 cps to 300 kc at 60 ips with improved dynamic range, it fills the 
gap between Mincom’s Model C-100 (125 kc-60 ips) and the Model CM-100 (1 mc-120 ips). 
The new model also is extremely versatile, offering both FM and Direct recording / reproducing. 
One-rack compactness, all-transistorized electronics. Wait and see more of this new system's 





extra capabilities. 


————N 


S, 
(3M } ... WHERE RESEARCH IS THE KEY TO TOMORROW 
% 


G 
>> 7 << 


MINCOMDP!V'SioN [finnesora Yfininc ann Jfanuracturinc company 


2049 SOUTH BARRINGTON AVENUE, LOS ANGELES 25, CALIFORNIA « 425 13TH STREET, N.W., WASHINGTON 4, D.C. 
FEBRUARY 1961 
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most popular 


‘REGATRON 
POWER 
UPPLIES 


are programmable 


Why programmable? Because Regatron 


0.19% : 0.019 Programmable Power Supplies give the 


REGULATION REGULATION design engineer an extra margin of 
MODELS MODELS 


220A 220AK 
213A 213AK 
215A reduces control circuitry. In critical 

225A 225AK i? , 

212A" 212AK' laboratory application, the programmable 
2-212A"? , 2-212AK"’ feature permits near-perfect reproduci- 
224A! 224AK' 

221A 91, bility of test voltages. 

214A ' 
226A . 
218A 
229A 4 programmable feature provides for remote 
228A 


MODEL 212A $129 WITHOUT METERS 





versatility. For example, in automatic 





test work, the programmable feature 


There are other advantages too. The 


sensing. This provision eliminates the 
effect of voltage drops in power leads... 
places the point of regulation at the 


load terminals. And there’s more. 











For complete descriptions and specifica- 
REEDS ap tions ask for Specification Sheets 


mana So 3010B and 3023B. 
j ® Registered U.S. Pat. Off. Patents Issued and Pending 


ELECTRONIC 
MEASUREMENTS 


COMPANY, INCORPORATED 
EATONTOWN - NEW JERSEY 
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Specify the Finest Digital Voltmeter Made 


NLS SERIES 20 


WHEN THE COMBINATION OF RELIABILITY, SPEED AND ACCURACY is of uncompromising 
importance — you can’t afford to gamble on “second best” digital measuring equipment! NLS Series 20 
instruments are field-proven in the most critical applications — missile and electronic systems checkout, 
automatic process monitoring, sophisticated laboratory research. Be sure— specify NLS Series 20, the 
instruments selected by major missile manufacturers after thousands of hours of competitive life testing. 
Features: M24 measures DC voltage, voltage ratio or resistance in a third of a second, V24 measures DC voltage and voltage ratio at same 
speed ... both instruments feature advanced transistorized circuitry and mercury-wetted relays with life in excess of 3 billion readings . . . 
+one digit accuracy on DC voltage and voltage ratio . . . completely automatic operation . . . plug-in modular construction ... AC or low 


level measurements with plug-in accessories . . . output connectors for continuous data logging. Ranges: DC voltage +.0001 to +999.9; DC 
voltage ratio to +.9999; resistance .1 ohm to 1 megohm. M24, complete: $5,650.00. V24, complete: $4,950.00. Write today for complete data. 


Originator of the Digital Voltmeter 


non-linear systems, inc. 


DEL MAR (SAN DIEGO), CALIFORNIA 


NLS — The Digital Voltmeter That Works ... And Works... And Works? 
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INERTIAL ENGINEERING INGENUITY 


Litton’s LN-3 Inertial Navigation System for the NATO F-104, now in production, owes 
its excellent performance to Litton-designed technical features such as: 
Integrators with linearity of better than 1 part in 10,000. 


Fully transistorized d.c. amplifiers with internal gain better than 10° with offsets, 
referred to the input, of 20 microvolts maximum. Operational characteristics are 
constant between —55°C. and 85°C. 


The next generation of inertial systems will require engineers with experience applicable 
to the imprevement of computer performance and the performance of other system units 
such as miniature inertial platforms. If you have experience in fire control, analog, servo, 
or gyro systems, you may find unusual satisfaction in applying your talents to the develop- 
ment of fresh concepts in inertial systems. 


Contact Mr. Donald B. Krause of our Research & Engineering Staff. You can share in 
generous employee benefits, including stock purchase and tuition-paid education plans. 
Relocation assistance is provided. 


LITTON SYSTEMS, INC. 
GUIDANCE & CONTROL SYSTEMS DIVISION 


Beverly Hills, California 


John Tamura and Robert Ebner discuss the optimization of the LN-3 Computer Integrator design with 
Dr. Harold Bell, assistant director of the Guidance Systems Laboratory 
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—A SIMPLER, FASTER, STATIC CONTROL! 


nworpak is a significant advance in the field of static switching. 
Like other static systems, NORPak performs the functions of 
machine tool relays, stepping relays, latching relays and timers 
—all without contacts or motion of any kind. 
Like other static systems, NORPAK is ideal for applications 
where speed is important—where reliability and long life 

are essential—where conditions make 

conventional magnetic devices impractical. 


But uniike other static switching systems, 
worpak otters these important advantages 





< EASIEST TO APPLY 

The transistor NOR unit is the basis of 
All logic functions— AND, OR, 
NOT, MEMORY —can be accomplished with 

combinations of this single NOR unit. 
worpak is not complicated — it’s easy to 
apply to conventional circuits. Units are 
color-coded for quick identification. Simple 
DC circuit eliminates worry about phase 

relationships. 


UNMATCHED SPEED 

norpak provides switching at rates up 
to 25,000 per second — faster than any other 
industrial static system. 


EXPERT APPLICATION SMALLEST COMMERCIAL 
HELP PACKAGES 


EXTRA DEPENDABILITY 
NOR units have been time-tested in 
computer use for years. They are x 
not subject to wear, will give top 

performance indefinitely, and pro- 
vide unfailing cireuit fidelity. 


SIMPLE TO USE 


Optional monitor lights give visual 
evidence of proper performance. 


Field specialists, factory-trained 
in all aspects of NORPak can give 
you on-the-spot answers to any ap- 


worpak is available in the form of individ- 
ual components, orincompletely engineered 
systems. Components are offered in 6 and 





Simple dynamic sequence tester 
checks individual NOR units in 
operation. 


plication questions. 20 paks, require only 1/4th the equivalent 


relay panel space, and weigh less than com- 
ponents of other static systems. 





nworpak is avaiiable as individual 
components for application to specific 
control functions,oras completely engi- 
neered systems ranging from the small- 
est to the largest panels 








Write tor the complete story on NORPAK 
— its theory, application and operation... 
Square D Company, 4041 North Richards St., 
Milwavkee 12, Wisconsin 


Ee. decian leadership 
SQUARE ja COMPANY 


wherever electricity is distributed and controlled 
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ALLEN F. DONOV/ ¢ 


the 
mission 
and 


hike 


functions 


of 


DR. IVAN A. GETTING CHALMERS W. SHERWIN JACK H. IRVING 


“To preserve our free institutions, it is 
absolutely essential that the United 
States find the most effective means of 
advancing the science and technology 
of space and also of applying them to 
military space systems. This is the mis- 
sion of Aerospace Corporation” 

IVAN A. GETTING 

PRESIDENT 


AEROSPACE CORPORATION 


In accomplishing its mission, this non- 
profit public service organization per- 
forms the unique role of space systems 
architect. Aerospace Corporation pro- 
vides scientific and technical leadership 
to the science/industry team responsi- 
ble for developing complete space and 
ballistic missile systems on behalf of 
the United States Air Force. 


A new-and vital force 


Aen OS PACE 


EDWARD J. BARLOW 


CORPORATION 


present genuine challenge to scientists 


and engineers of demonstrated competence 


Specific responsibilities of the new 
corporation include advanced systems 
analysis, research and experimentation, 
initial systems engineering, and gen- 
eral technical supervision of new 
systems through their critical phases. 


The broad charter of Aerospace 
Corporation offers its scientists and 
engineers more than the usual scope 
for creative expression and significant 
achievement, within a stimulating 
atmosphere of dedication to the public 
interest. 


Aerospace Corporation scientists 
and engineers are already engaged in a 
wide variety of specific systems proj- 
ects and forward research programs, 
under the leadership of scientist/ 
administrators including corporation 
president Dr. Ivan A. Getting, senior 
vice president Allen F Donovan, and 
vice presidents Edward J. Barlow, 
William W. Drake, Jr., Jack H. Irving, 
and Chalmers W. Sherwin. 


Aerospace Corporation is currently 
seeking scientists and engineers capa- 
ble of meeting genuine challenge and 
with proven ability in the fields of: 


« Space booster project engineering 
* Spacecraft design and analysis 
+ Aerothermodynamics 
* High temperature chemistry 
* Nuclear rocket propulsion 
* Ion and plasma propulsion 
* Chemical propulsion 
* Inertial guidance 
* Space communication 
* Experimental physics 
* Theoretical physics 
Those qualified and experienced in 


these and related fields are urged to 
direct their resumes to: 


Mr. James M. Benning, Room 124 
P.O. Box 95081, Los Angeles 45, Calif. 


AEROSPACE CORPORATION 


engaged in accelerating the advancement of space science and technology 
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NEWEST with BEST reatures 


LENANALNS AAS VA SSAA Sy ey 
© ~ SETS SS 


AAA 


° ~ © ~~ ee" 


FARK AR BANOS 


\ 


EDGE-ON HYFEN 


PRINTED CIRCUIT CONNECTOR 


FEATURES:- 


bifurcated undulating accordion 
spring assures multi-point contact 


shortest front-to-back dimension available— 

lightest in weight—no insulating sleeves needed 

closed entry face protects springs and self-aligns warped © low board insertion 

boards and withdrawal forces 
@ryvren tips (straight shank-solid barrel) have multi-point 

contact surfaces and independent detent locking action 

gold plated, crimp-type, snap-in, removable HYFEN tips 

with insulation grips take single or multiple leads @ commoning clips and jumpers available 

closed entry on wire lead side prevents oversize probe for joining circuits 


@.02 e polarizing key available for any contact position 
©: or 2 wire leads for each board position on each side for pre-notched boards 


BURN DY 


NORWALK, CONNECT. © BICC—BURNDY Ltd., Prescot, Lancs., England © In Continental Europe: Antwerp, Belgium © TORONTO, CANADA 


e designed for dry circuit as 
well as power applications 
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As reliable as they are quiet, the EAI Series 5000 Tran- 
sistorized Digital Voltmeters combine a unique “Full- 
Time” high input impedance circuit with outstandingly 
accurate, high speed performance. 


EAI Series 5000 features include — 

© Full-time input impedance to 1000 megohms 
C2 Relative accuracy 0.01% full scale 

© 200 readings per second average 

OC) Input noise filter 

OC Fully transistorized 

C Outstanding long term stability 

© Quiet, reliable, trouble-free operation 


Versatile as well as economical, these voltmeters provide 

decimal and binary-coded decimal electrical outputs for 

driving a full range of accessory equipment. Brilliant, 

easy-to-read projection displays eliminate “glow-through” Write for complete details on the new Electronic Asso- 
ambiguity while providing wide angle reading—even __ ciates, Inc. Series 5000 Voltmeters, or call your nearest 
under adverse ambient lighting conditions. EAI Engineering Representative. 


EAI ELECTRONIC ASSOCIATES, INC..Long Branch, New Jersey 
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INDUSTRY’S PULSE 


Growing Market in Europe 


And How fo Sell it—Part II 


As Europe gears up for its greatest production expan- 
sion since the industrial revolution, the demand for 
instrumentation and control equipment has reached an 
all-time high. In countries where the control industry 
is highly developed, last year’s growth was startling: 
in Germany, instrument and control production jumped 
30 percent and couldn’t meet the demand; in France, 
it rose 15 percent; in Britain, it increased 10 percent 
and may grow another 20 percent this year (see CtE, 
January, 1961, p. 57). 

The growth story is even more impressive in those 
countries in which the instrumentation and control 
industry had been backward previously. In Italy, for 
example, until recently (as late as 1959) laboring 
forces violently opposed the application of any au- 
tomatic device as an evil that would bring misery 
to an unemployment riddled country. Today, Italy's 
industrial structure is booming so hard there is a severe 
labor shortage in the heavily industrial northern part 
of the country. Manufacturing companies have been 
forced to shape their expansion plans around the nor- 
mally agricultural south and are avidly searching for the 
newest techniques in instrumentation and control to 
minimize the size of the labor forces. 

From Milan, the industrial center of the north, 
McGraw-Hill Newsman Gene DeRaimondo described 
what’s happening in this surprising turnabout. 

Italian industry is enjoying prosperity to an extent 
never anticipated. Typical of how this is affecting the 
instrument and control industry is what is happening 
to electronic instrumentation. Says Giorgio Quazza, 
head of CEA-Perego’s control equipment research center, 
“The expansion of electronic instrumentation in Italy 
and Europe has gone beyond our wildest expectations. 
Although Italian companies were late starters, we have 
now caught up in equipment development.” 

In process control, although almost 80 percent of 
instrumentation has been pneumatic, a change-over from 
pneumatics to electric or electronics is under way. Enea 
Torrielli, chief of the mechanical department of Agip 
Nucleare, underlines the switch. He says, “I think the 
transformation (from pneumatic to electric and electro- 
hydraulic controls) will be complete within five years. 
Pneumatic controls have reached their maximum.” 

Italy is still primarily an importer of instruments. Al- 
most 60 percent of the instruments used in the country’s 
process control industry are made elsewhere. In 1960, 
such imports totaled $15 million, a 30 percent increase 
over 1959. But domestic production of the same kind 
of devices is growing just as fast; it also increased 30 
percent last year. Major Italian producers include 
Tieghi of Milan (ownership divided so that 49 percent 
is Italian and 51 percent English), Guardigli, Regulator 
of Milan (partly owned by General Precision Equip- 
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ment), Spriano-Bosco-Sis, Thermochimk (which produces 
under license to Hagan Controls), and SAE (producing 
under license to the British company Electro-flo). 

Despite the imports, Italian buyers are heavily preju- 
diced in favor of equipment built in Italy, a buying char- 
acteristic to be watched in the future. CEA-Perego’s 
Quazza said, “Today it is almost impossible to sell 
foreign-made electronic drives or small systems in Italy, 
except if they are part of a whole plant which has been 
imported.” Confirming this is the fact that 95 percent 
of the industrial controls bought last year were domestic- 
made. The major suppliers: CEA-Perego, which specializes 
in controls for electric utility plants; Prodest of Milan, 
whose specialty is numerical control for machine tools; 
Ghisalba of Turin, machine tool control maker; and CGE, 
a General Electric subsidiary that makes electronic 
drives for steel mills and paper mills. Sales ran about 
$5 million last year, with CGE accounting for about $1.5 
million and CEA-Perego for $1 million. 

The purchase of computer equipment is one area 
that does not yet follow the “Buy Italian” theme. There 
are no Italian manufacturers of general purpose analog 
computers; the U. S. company Electronic Associates 
supplied almost 90 percent of those in use in Italy. 

U. S. companies have supplied almost 95 percent 
of the digital computers installed in Italy; German com- 
panies have sold the rest. Last year, Olivetti intro- 
duced the first Italian digital machine, the Elea 9003, 
and the company, is said to be planning additional 
equipment. CEA-Perego is making data loggers and has 
developed ca digital computer for process control, 
although this machine is not yet commercially available. 

Behind this growing industry are ten outstanding men. 
Their names, organization, and specialties: 


CARLO CALOSI Managing 
electronic fire control 
PAOLO MARSILI Professor; University of Geneva; 
mercury arc rectifiers 

CARLO COSTADONI —Technical Director; CGE; mer- 
cury arc rectifiers 

GIORGIO QUAZZA Head, Control Equipment Re- 
search Center; CEA-Perego; servo systems 

ENEA TORRIELLI Chief, Mechanical . Department; 
Agip Nucleare; instrumentation 

MARIO TCHOU Head, Research Center; Olivetti; 
computers 

EMILIO GATTI Head, Research Center; CISE; 
nuclear instrumentation and control 

EZIA VOLTA Professor; University of Genoa; 
process control 

LUIGI BERNARDINI CEA-Perego; digital controls 

SERGIO BARABASHI — Head, Laboratory; CNRN; servo- 
mechanisms 


Director; Selenia; 





if PANEL SPACE 
or 


PORTABILITY 


is your problem... 


The Westronics Miniature 
MULTIPOINT Recorder 
Model M5A is your perfect 
solution. 


The panel space occupied 
by the Westronics Miniature 
MULTIPOINT Recorder is 
only 8¥% x 9% inches, or 
only 25% of the panel space 
required by most large case 
recorders. 


The Westronics Miniature 
MULTIPOINT Recorder 
scans and measures 2 to 12 
different input sources at the 
rate of 5 seconds per point. 





Westronics manufactures a 
complete line of miniature 
and full size recorders with 
more optional features than 
any other manufacturer. 
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Considering what’s ahead for Italian control, these 
men see these developments that will bring Italy closer 
to the present state of the art in the U. S.: wider use 
of semicenductors in all electronic control equipment; 
application of silicon controlled rectifiers for switching; 
widespread acceptance of numerical control; more static 
controls; introduction of digital control systems; and 
programmed controls replacing manual operations. 
Another country that has been watching the boom 

in Europe closely is Switzerland, traditionally a sup- 
plier of hardware rather than raw materials. In Switzer- 
land, the story of what is happening shows up in the 
country’s export figures: 

1960 1959 

(millions of dollars) 

Process instruments and control. $0.06 $0.15 
Electrical instruments and 

control 
Physical instruments 
Precision mechanical instru- 

ments 8.5 8.0 

From these data, it is obvious that Swiss companies 
have concentrated on controls for electrical and mechan- 
ical machines rather than process control for chemical 
or petroleum plants. For 1961, Swiss manufacturers 
expect a 10 to 20 percent increase in exports of their 
lines of instrumentation and control. 

From Zurich, McGraw-Hill Newsman Raymond 
Shah sent this description of the Swiss instrument and 
control industry: 

Domestic manufacturers dominate the Swiss instrument 
and control industry. The leaders, and their specialtie;: 

Industrial Control: Brown Boveri; Fr. Sauter; Landis 
& Gyr; Contraves; Schindler; and Secheron. 

Instrumentation: Landis & Gyr; Trub Tauber; Bodeco; 
and Jaquet. 

Computers: Guttinger, Contraves, and Amsler. 

About 15 percent of the total control business is being 
accounted for by U. S. companies through Swiss sub- 
sidiaries. 'Honeywell’s Zurich subsidiary is a leader, 
as are IBM's Extension Suisse and Remington Rend’s 
Zurich company in the computer business. U. S. influ- 
ence is also felt through Swiss companies that are agents 
for U. S. companies, such Swiss organizations as Seyffer, 
Baerlocher, and Telion. One Swiss company, Omni Ray 
of Zurich, recently opened a computer center supplied 
with equipment from the U. S., but the company is 
building some of the peripheral equipment locally. 

Professor Eduard Gerecke, on the faculty of the Swiss 
Federal Institute of Technology and president of the Swiss 
Automatic Control Society, predicts that instrument and 
control activity will continue to expand at a great rate 
in his country. He feels the current trend with the 
most momentum is the replacement of analog with digital 
techniques. 

Proof that U.S. companies have been participating 
in the boom in Europe comes from Washington, where 
export statistics show, for most kinds of equipment, 
that our overseas instrument and control business is 
growing. Here are some typical figures for 1958, 1959, 
and 1960. Note that the figures for 1960 are for only 
nine months, while the others are for 12 months. 
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1958 1959 1960* 
(millions of dollars) 

Pilot circuit devices $4.5 $5.4 $4.6 
Industrial motor control.. 2.0 2.6 2.1 
Industrial process indicating, 

recording, controlling in- 

instruments 46.0 46.3 
Indicating, controlling and 

recording instruments... 16.1 19.4 
Office, accounting, and com- 

puting machines 4.7 4.0 

First nine months 

As the export figures show, it is still possible to sell 
American-made products in Europe. The highest de- 
grees of success are being reported by those who make 
a product that can be made in large volume production, 
that contains rare or sophisticated. materials, or that 
has a unique design with performance superior to com- 
petitive products. U.S. instruments and controls, for 
the most part, enter the European market with a price 
disadvantage which can sometimes be offset by applica- 
tion engineering or service not offered by European 
makers. Short delivery times have also helped U.S. 
makers, since most European suppliers are oversold. 

To sell those products that are standardized with 
no unique features, U.S. companies are likely to find 
the answer to the European market in European plants 
or subsidiaries. These have pitfalls as well as advantages. 

Probably the most important nontechnical factor is 
the effect of nationalism. This works both ways. In 
more and more countries, the flames of nationalism are 
prejudicing buyers against products not made in the 
country. The buyers seem to like it better if a foreign 
design is built in their country. Still, some countries 
have laws barring majority ownership by foreign citizens 
or prohibit the conversion of profits to another currency 
if a majority of the company is not owned by nationals. 
And the flood of nationalism may wash out foreign 
investment completely, as it has done in Cuba. 

With such pitfalls balanced against a growing poten- 
tial, the European market offers a tempting challenge 
for U.S. control makers. 
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TRANSISTOR GUIDE 
FoR 
COMMUNICATIONS CIRCUIT DESIGNERS 


You'll find one Exactly Right 
for your requirements 





@ Whatever your specific requirements . . . in 
gain, noise figure, AGC and other electrical 
—SS characteristics . . . you’ll find a Phileo communications 
/ transistor that meets your needs precisely. 
W . ° Unlike other manufacturers, who offer only limited 
NE * Transistor Guide lines of “‘general-purpose”’ transistors, Philco designs and 
for Communications Circuit Designers _ Produces transistors to meet specific requirements. Philco can 
do this only because the exclusive Phileco Precision-Etch* 
To make it faster and easier for youtofindthe process of manufacture permits precise control of all 
Phileo communications transistor ‘that best parameters and absolute uniformity. 
meets your needs, put this new guide to work To increase circuit efficiency and reliability, to reduce cost 
for you. 12 pages of application information, | and to make your design easier . . . look first to the Philco 
descriptions of major types and a complete _ line, which offers you the industry’s widest range of 
selector chart will speed your work. For your communications transistors. You’ll find one 
copy, write Dept. CE261. exactly right for your requirements. *Trademark Philco Corp. 


- . ail ‘ [ * ilable 
quantities 1-999 from 
Ph CU Indu st rial ® 
¢ nductor Distributor Famous for Q ity the Wo of 0 » 


LANSDALE DIVISION + LANSDALE, PENNSYLVANIA 
CIRCLE 80 ON READER SERVICE CARD 





‘@enice) 


ENGINEERING 


FEBRUARY 1961 


Bugs and humbugs 


Two days after Christmas The Wall Street Journal published a front- 
page story headed “Bugs in Automation”. The story presented a welter 
of short case histories demonstrating that business, industry, and de- 
fense managements have become disenchanted with automation. We 
quote a summary paragraph: 


“Among the common company complaints: Equipment and instal- 
lation costs often run higher than expected; (computer) manufac- 
turers sometimes oversell the blessings of their products; equipment 
complexity causes frequent and expensive breakdown; and the new 
apparatus in some cases may turn out to be altogether too elaborate 
for the job it has to do, thus making the required investment unneces- 
sarily large.” 

As in the controversial book entitled The Crisis We Face—Automa- 
tion and the Cold War (see “Rebuttal by the Military,” Conrrot ENcI- 
NEERING, Dec. ’60, pp. 77-83), the story puts the finger on overcomplexity 
as the basic cause of the fall of automation from darling to devil. The 
story follows the lately popular bent of technical writers to attract reader- 
ship by publishing one-sided and often frivolous examinations of tech- 
nological advance. We deplore the bent because it confuses the 
uninformed. Nevertheless, while mostly humbug, the story does reveal 
authentically the disaster that management invites when it blindly jumps 
on any technological bandwagon. The complaints cited are real because 
of over-eager reaching for a panacea—automation. 

Let automation lie, diffused and disenchanting, not because of over- 
complexity, but because of overzealous and unrealistic application. 
Control, on the other hand, will enjoy a healthy expansion because the 
control field will accept no substitute for careful engineering of automatic 
systems. We cannot duck the fact that the machines, processes, defense 
missions, and business operations to which control is applied are becom- 
ing increasingly complex. Nor can we escape the rapid trend of control 
systems to master larger and larger portions of operations. The result 
will be more complex control systems, for which there are no easy cure-alls. 
Don’t look for panaceas; they breed bugs. 


UE Vauwnal 
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BRIEF SPECIFICATIONS 


OUTPUT 
+10 volts at 4 milliamps load 
+20 volts at 2 milliamps load 


TOTAL DC GAIN 
In excess of 250,000 


FREQUENCY RESPONSE 
dc to 200 kcs 


DRIFT REFERRED TO INPUT 

1 millivolt/30°C change 

¥2 millivolt/24 hours with constant 
temperature 


JUNCTION CURRENT 
2 x 10-° amperes for full output 


POWER REQUIREMENTS 

(Operates from Model 3805 Power Supply) 
+22¥2 volts dc (8 ma maximum drain) and 
12 volts peak-to-peak center tapped, 

400 cps (2 ma maximum drain) 


PRICE 
$400.00 
Quantity discounts available 


NEW DONNER SOLID STATE 
OPERATIONAL AMPLIFIER 
OFFERS RUGGED 
ENVIRONMENTAL RELIABILITY 


Using silicon transistors and semi-conductors throughout, Donner’s new Model 
3801 operational amplifier provides high gain, wide bandwidth and chopper 
stabilization paths over a broad range of ambient conditions. In standard form, 
the Model 3801 will operate reliably from 0°C to +55°C in relative humidity 
of 95%. Special versions have been made for temperature ranges as wide as 
—10°C to +80°C. The amplifier will withstand shock of 30 g and meet all 
specifications to an altitude of 50,000 feet. 


Originally developed, used, and tested in critical missile applications, the amplifier 
is available as an off-the-shelf item at regular stock prices. This amplifier has 
found acceptance wherever reliability and minimum size and volume are impor- 
tant considerations. The standard version weighs 3 ounces and possesses external 
dimensions of 334 inches long by 244 inches wide by 2 inch thick. A hermet- 
ically sealed version which occupies only 2 cubic inches is also available. 


Companion to the Model 3801 is the Model 3805 Power Supply capable of 
furnishing all power for 10 Model 3801 amplifiers. 


Complete information on the Model 3801 Solid State Amplifier is ready now. 
Call your nearby Donner engineering representative or write Dept. 21. 
SCIENTIFIC 


DONNER comeany 


A Subsidiary of Systron-Donner Corporation 
CONCORD, CALIFORNIA * MUlberry 2-6161 
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analyze 


nonlinear controls 
with 


SATURATION 
FUNCTIONS 


THE GIST: The saturation function 
technique is a powerful method for 
analyzing nonlinear control systems, 
especially those containing such strongly 
nonlinear elements as relays and 

dead time. A particular advantage of this 
technique is that it yields quantitative 
information about the amplitude, period, 
and waveform of the limit cycle 

directly in the time domain. 


SHUNJI MANABE 
Mitsubishi Electric Manufacturing Co., 
Japan 


The saturation-function technique is a literal 
method of nonlinear analysis, not graphical like the 
phase plane and describing function techniques. 
Simply stated, the present method keeps track of a 
waveform, here called a saturation function, as it 
changes by going from the starting point through 
each linear and nonlinear element in the closed 
control loop. The original-waveform equation and 
the propagated-waveform equation returning to start- 
ing point are set equal to each other (since the two 
equations must represent the same waveform) and 
the problem is solved for the period and amplitude 
of the limit cycle. Then the waveform at the out- 
put (that of the limit cycle) can be determined. 
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FIG. 1. Saturation functions occurring 
in common nonlinear systems. 


Saturation functions and their properties 


Figure 1 shows some saturation functions of order 
0, 1, 2, and infinity as might occur in common non- 
linear control systems. An nth order saturation 
function is defined as: 


o( + —. 4 /_. ostsT/4 (1) 


’ 
“TRE 
—— +) 


where T is the period. Saturation functions are 
periodic functions, and thus in the undefined inter- 
val of the period the waveform repeats the defined 
“quadrant’ in a manner similar to that of a sine wave. 

Starting with a O-order saturation function—a 
square wave with unity amplitude and T period— 
higher-order functions can be obtained from Equa- 
tion 1. They are listed in Table I, and their values 





WHAT'S NEEDED 


TO USE 
SATURATION 
FUNCTIONS 


1. Definitions and Integrals 


2. Limit Cycle Waveforms 
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3. Input-Output Characteristics 
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as a function of t/T are plotted in Figure 2. 
Due to periodicity and symmetry, the following 
emer int hold for any saturation function: 


> t 
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Furthermore, the definite integral of a saturation 
function is: 


Ome mca) 


and the indefinite integral is: 
Pa 
r 


were AC) = fo 4 


The indefinite integrals of some saturation functions 
are listed in Table I. 


Operation on saturation functions 
by basic control elements 


As is well known, a control system may be sub- 
divided into blocks, each block or element repre- 
senting a distinct part of the controlled process or 
a particular control component. Such elements may 
exhibit linear or nonlinear characteristics. There- 
fore, the output saturation function for any control 
clement depends not only on the input saturation 
function but also on the specific characteristics of 
the element under consideration. 

Table II displays output saturation functions de- 
rived from elements commonly found in nonlinear 
control loops, as a function of the input saturation 
function. Consider Entry 1 in Table II, for exam- 
ple. Here an input saturation function of any order 
going through a bang-bang nonlinearity like that 
obtained from an “ideal” relay (no dead zone, no 
hysteresis) will become a 0-order saturation function 
(a square wave) of unity amplitude. 


Determining the limit cycle for 
typical nonlinear control systems 

The foregoing definitions, relationships, and prop- 
erties will now be applied to three different control 
systems to determine the period, amplitude, and 
waveform of their output limit cycles. 


EXAMPLE 1. Control system with bang-bang 
saturation, dead time, and integration 
The block diagram for this nonlinear control sys- 


tem is shown in Figure 4. The problem is to deter- 
mine the system’s limit cycle at the output point C 
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FIG. 4. Control system with bang-bang 
saturation, dead time, and integration. 











FIG. 5. Control system with integratior 
and saturation containing hysteresis. 


in terms of period, amplitude, and waveform. Since 
only the limit cycle is of interest, input e, can be 
assumed to be zero. If a limit cycle exists, the 
waveform at point A must be a saturation function 
of zero order, ao(t/T), regardle.. of the limit cycle’s 
waveform at point D, a,(t/T). (Refer to Equation 
9 in Table II.) The assumed period T will be 
calculated later. 

The procedure is to trace the saturation function 
at point A through all elements in the closed loop 
back to point A. 


Point A a 7 


Point B : of r) , -—— ’ (14) 


Since 1/s symbolizes integration, the integral of the 
0-order saturation function is found from Table I, 


Entry 1. 
ES, WS oes bk a RS ns 
ae ee! Oo Se a ee 


from Table II, Equation 11. Here the dead time 
might be the relay’s contact closure delay after appli- 
cation of the input signal to the relay coil. 


(13) 


Point C ¢ 


t 
a: 


PointD — of 


from Equation 2. 


Point A ul ; af 


from Table II, Equation 9. 

Since Equations 13 and 17 represent the same 
waveform, they must be related by Equation 3. 
Because of negative feedback, minus | is substituted 


for m in Equation 3. Therefore: 





(18) 
or T =4r (19) 
In other words, the period of the limit cycle is four 
times the dead time. 
Equation 15 represents the system’s output. By 
substituting Equation 19 into Equation 15, the 
amplitude and waveform at C are determined: 


e(f) = ral “ 3) 


Thus, for this control system the saturation func- 
tion technique yields the exact period, amplitude, 
and waveform of the limit cycle at the output. By 
comparison, the describing-function technique would 
have yielded the same period T/4r, but the ampli- 
tude would have been 87/x?—an error of about 20 
percent when compared with + in Equation 20. 


EXAMPLE 2. Control system with integration 
and saturation containing hysteresis 


(20) 


The block diagram for this nonlinear control sys- 
tem is shown in Figure 5. Here: 


Point A a +) 


Point B I af - 
Point C Fal 


Point A uf Taf 


from Table II, Equation 10, where: 


(21) 
(22) 
(23) 


(24) 


4 ai(¢) = aor by Table I, Entry 2 


or o$=-— 
- 4 


From Equations 21 and 24 
t t 3 


5 dae ike 
Then, from Equation 25: 

T = 4a (26) 

In other words, the period of the limit cycle is 

four times the half width of the hysteresis. The 

output waveform at point B, from Equation 22 is 


al) = aa ;! as t) 


Here, the amplitude is a and the output has a 
triangular waveform. For the same system, the 
describing-function technique yields the same am- 
plitude but a period 4.93a rather than the exact 4a. 


EXAMPLE 3. Control system with bang-bang 
saturation and rate feedback 


—¢ or 


(27) 


The block diagram for this saturated servomecha- 
nism is shown in Figure 6. Although this is a 
simplified system, many position servos can be re- 
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FIG. 6. Control system with bang-bang 
saturation,’ dead time, and rate feedback. 
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FIG. 7. Period of limit cycle for saturated 
servo with rate feedback and dead time. 
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FIG. 8. Control system with bang-bang saturation, 
dead time, and velocity damping. For this saturated 
servo the period can be determined from Fig. 9. 
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FIG. 9. Period of limit cycle for saturated 
servo with velocity damping and dead time. 


duced to this form in the high frequency range 
where the limit cycle takes place. Analysis gives: 


1 Tf 
éo(t) = 7 32 a 


(28) 
where period T can be determined from Figure 7 
provided the dead time + and the rate time Ts: 
are known. Note in Equation 28 that the limit 
cycle’s amplitude increases with the square of the 
period but the period decreases with an increase in 
rate time. For control systems like that in Figure 8 
the period T can be obtained from Figure 9. 
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Accurate Valive Sizing 
for Flashing Liquids 


THE GIST: Of the various methods proposed for sizing control valves for flashing 
liquids, the one based on the downstream density of the liquid-vapor mixture 
seems the most accurate. With the aid of specially constructed curves 

and known inlet conditions, the instrument engineer can size a valve with a few 
simple calculations. Here the author explains the development and use of such 
curves, and presents usable charts covering six of the more common process fluids. 


A. J. HANSSEN, Conoflow Corp. 


The problem of sizing control valves for liquids 
that flash within the valve body itself has plagued 
instrument engineers for years. Past studies, while 
not in complete agreement, have produced some 
fairly accurate methods for use with flashing water. 

Most authorities recognize that sizing valves for 
flashing liquids is a complex problem. The facilities 
and time required to test the multitude of common 
industrial fluids can be extremely costly. 

A more recent investigation, however, has im- 
proved upon the best of these methods and can be 
readily applied to liquids other than water. One 
of the most valuable methods suggested to date is 
the so-called lower-density technique. This gets its 
name from the fact that the valve sizing correction 
is based on the lower density of the vapor-liquid mix- 
ture that exists after flashing occurs. The main ad- 
vantages of this method are accuracy and the close 
correlation between theory and test results permit- 
ting its use with many other liquids. 


Pressure-density curves 


With a few minor assumptions, the equation for 
the specific gravity of flashed vapor-liquid mixture 
may be stated as follows: 


Gi 


C= TF @itiente — Wiis 


(1) 
where G is the specific gravity of the flashed mixture, 
G, the specific gravity of the liquid before flashing, 
Vez the specific volume of the vapor formed (cu ft/Ib 
mass), h, the enthalpy of the liquid before flashing 
(Btu/lb), he the enthalpy of the liquid after flashing 
(Btu/Ib), and hye the latent heat of vaporization 
(Btu/lb). A simplified derivation of this equation is 
presented in the box on page 90. Values needed to 
solve the equation can usually be found in thermo- 
dynamic charts or tables covering the liquid involved. 

Assuming a fixed saturated inlet pressure Pj, and 
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solving Equation 1 for a sufficient number of outlet 
pressures yields values of G that can be plotted against 
outlet pressure as shown in Figure 1. With this curve 
and a planimeter, an extremely useful curve can now 
be plotted. The area under the curve in Figure 1, 
between the saturation pressure and any outlet pres- 
sure, is termed the usable density-pressure drop prod- 
uct. Successive integration of the areas between the 
saturation pressure and successively smaller outlet 
pressures produces a series of these ApG products 
which can then be plotted against their respective 
pressure drops. A curve through these points is a line 
of constant inlet pressure as shown in Figure 2. 

Repeating the process for different saturated inlet 
pressures (different temperatures) produces a series 
of similar curves on these same coordinates. 


Using the curves 


The ease with which these curves can be used to 
size valves for flashing liquids can now be demon- 
strated. The one generally accepted formula for siz- 
ing valves for liquid service is written: 

V =C.VAp/G (2) 


where V is the flow rate (usually expressed as gpm), 
Text continued on page 90) 
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Outlet pressure, psi 


FIG. 1. Mixture density drops as 
outlet pressure is reduced. 





CHARTS FOR TYPICAL PROCESS FLUIDS 
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NOTE: The curves presented on these two pages cover four commonly used flashing 
fluids. Similar curves for nine additional fluids are available on request from the 
Conoflow Corporation. These other fluids include Freon 22, Dowtherm “A”, meth- 
ane, methylene chloride, normal butane, isobutane propane, propylene, and ethylene. 
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Stated pressure drop, Ap 


Gravity-pressure drop product, ApG 
FIG. 2. The usable gravity-pressure drop prod- 


uct as a function of pressure drop across the 
valve for a single inlet pressure. 








G 


Specific gravity, 














Decreasing p — 
Outlet pressure, psi 


FIG. 3. Simple effect of starting with a supercooled 
liquid and dropping below the saturation pressure. 


Ap the pressure drop across the valve, G the specific 
gravity of the flowing medium, and C, the valve 
sizing coefficient. Multiplying both sides of this 
equation by the specific gravity G reduces it to: 
GV = CyV/ApG (3) 

The tremendous amount of calculation that went 
into the construction of the curves now pays off. The 
term ApG, for a given inlet pressure and pressure 
drop, can be read directly from the appropriate curve. 
If the desired flow is known, the proper valve coefh- 
cient can be calculated, or, if the valve coefficient is 
given, the allowable flow can be determined. 

The curves on the following pages cover saturated 
water and five other common process fluids. The 
technique outlined above can, of course, be used to 
produce sets of curves for other flashing liquids. 


Supercooled liquids 


Where the inlet conditions are in the supercooled 
region but the pressure drop is still sufficient to pro- 
duce an outlet pressure lower than the saturation 
pressure, the sizing equation is expanded as follows: 


= Cy VGi(Pin — Peat) + Cor ApG 


= Ce VG1(Pin — Fs) + ApG (4 
Figure 3 shows how the new term in this equation is 
represented on a gravity-pressure curve as the area of 
the rectangle to the left of the saturation pressure. 


Typical problem 


As an illustration of the method, consider the 
curves for saturated water and suppose a situation in 
which the inlet pressure was 100 psia and the tem- 
perature was 328 deg F, corresponding to saturation 
conditions. What will be the flow rate through a 
valve whose coefficient is 57 if the pressure drop 
within the valve is 6 psi? Chart 1 shows that at these 
conditions, ApG is 3.5. Substituting the known 
values in Equation 3, 

GV = 57 V3.5 = 57 X 1.87 = 106.7 gpm water at 60 deg F 
To get this in terms of gallons per minute of the 
actual liquid flowing, it is necessary to divide the re- 
sult by the lower specific gravity G, which for water 
at 328 deg F equals 0.906. Thus, 

V = 106.7/0.906 = 117.5 gpm 
Under actual test, using the same valve and inlet con 
ditions, a flow of 120 gpm was obtained. This and 
similar examples illustrate the close correlation be- 
tween calculated and test results. 

It should be noted that limitations as to pressure 
ranges, nature of the liquids involved, and other fac 
tors certainly could affect the accuracy of this 
method, but experience of the past several years indi- 
cates that valves sized according to this technique 
have been found entirely suitable. The method is 
not perfect but is suggested as a rather reasonable 
and simple approach to a complex problem. 





WHERE EQUATION 1 CAME FROM. 


Based on a steady flow of one cubic foot of saturated liquid 
through a valve, the specific gravity of the resulting vapor 
liquid mixture can be calculated as follows: 
Letting 
Vm = downstream volume of the mixture, cu ft 
Viz = downstream volume of the liquid, cu ft 
Vee = downstream volume of the vapor, cu ft 
f = fraction of liquid vaporized 
W = weight of saturated liquid upstream, lb mass 
= specific volume of liquid downstream, cu ft/lb 
specific volume of vapor downstream, cu ft/lb 
specific gravity of the vapor liquid mixture 
specific gravity of the saturated liquid upstream 
Vie + V G2 d) f = (hia — hre)/hre 
-(1—f)Wor e) G = W/624Vm 
- 


VG2 


Gr 

a) Van 
b) Vue 

Wov G2 


c) 
Ww 


) G= 7% 


i q q 


l 
Worall — (hur — his)/hie) + Woeelhis — hia)/hre 
Now if G; = W/62.4 and for most cases Vz2 ~ 1, then 
Gr 
G = ~ _ _ 
&) 1+ 62.4GLves(hin — hy) hie 
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Telemeter Magnetics, Inc., 


MERGE 


have merged. To shareholders this means increased “growth 


and Ampex Corporation 


potential”... to an accountant “favorable financial consolidation” 
... to a marketing man “diversified product mix’’ But more impor- 
tant to you, the customer, it means more help where you need 
it most from the joined capabilities and resources of two of the 
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most respected names serving the computer industry. = Look to 
this important new source— Ampex Computer Products Company 
—for highly advanced technologies in ferrite core and magnetic 
tape units... for a wide range of computer memory products... 
for knowledge, experience, and service that is dedicated to solv- 


ing your problems. s Ampex Computer Products Company, 
9937 Jefferson Boulevard, P O. Box 329, Culver City, California. 


Look for this new trademark. There's promise in it. 


CIRCLE 91 ON READER SERVICE CARD 





Two vs Three-Gyro 
Guidance Platforms—!: 


HOW THEY COMPARE 


THE GIST: There are two types of inertial guidance platforms in general use 
today. Each uses a different kind of gyro. An examination of how these 
platforms respond to various accelerations and mass shifts reveals that neither 
type is inherently superior to the other and that the performance of either 
one depends on its application and the precision with which it is built. 


E.. M. FISCHEL, 
Kearfott Div., General Precision, Inc. 


The gyro platform, the “inner ear’ of today’s 
inertial guidance systems, uses gyros, accelerometers, 
and integrators to establish and maintain a reference 
coordinate system with respect to the Earth. Two 
major types of such stable platforms are in general 
use today—namely, two and three-gyro platforms. 
Each of these platform types uses a different kind 
of gyro. One of these is the “single degree of free- 
dom” gyro, which is a rate-integrating devite. ‘The 


other is the “two degree of freedom” gyro having © 


an output of two attitude angles. Both types are 
floated to keep their gimbal bearings unloaded. 

Three gyros of the single degree of freedom type 
are needed to constitute a complete platform that 
will serve as a reference base for three orthogonal 
coordinates. Each of the three gyros stabilizes a 
single axis. This is the three-gyro platform. 

On the other hand, two gyros of the two degree 
of freedom type can also establish the coordinate 
system. Each of the gyros provides two attitude 
angles, and since the reference system needs only 
three of these angles, one output is redundant. This 
is the two-gyro platform. 

The following comparison of platform types stays 
within the present state of the art; drastically new 
developments now under way are not discussed. 

To limit discussion to the areas in which the two 
systems differ from each other, areas common to 
both types of systems, such as the gyromotor, the 
outer-roll gimbal loop, etc., are not treated. 


HOW THE PLATFORMS DIFFER 


The main purpose of a stable platform is to estab- 
lish an accurate reference base for accelerometers, 


4 
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which in turn measure the instantaneous accelera- 
tions in three orthogonal directions. Accuracy of 
this measurement is a major factor in the determi- 
nation of position error. 

In the three-gyro platform, Figure 1A, the ref- 
erence plate is the azimuth frame, supported by a 
gimbal system and carrying three single degree of 
freedom gyros. ‘The plate is stablized around the 
three axes. A pickoff on the precession axis of each 
gyro generates an error signal when disturbing forces 
tend to tilt the reference plate. ‘This signal passes 
through the stabilization amplifier into the torque 
motor mounted on the gimbal. The motor devel- 
ops a torque equal and opposite to the disturbing 
torque. In this system each gyro plays an active 
part in keeping the reference plate level. ‘The ac- 
celerometers are mounted directly on this plate. 

In the two-gyro platform, Figure 1B, the two de- 
gree of freedom gyros are isolated by their gimbals 
from the reference plate (azimuth frame). As in 
the three-gyro platform, this frame carries the ac- 
celerometers and is in turn supported by a gimbal 
system. Each gimbal axis carries a torque motor 
and each gyro contains two position pickoffs that 
produce error signals when the frame deviates from 
the gyro position. The torque motor outputs re- 
store the frame to the gyro position. This system 
is characterized by the fact that the gyros take no 
active part in providing the restoring torque; they 
merely indicate deviation of the frame and produce 
error signals. ‘This then is a pure followup system. 

The difference between the two systems can be 
demonstrated simply by cutting the servoloops. The 
two-gyro platform will turn away under the slightest 
disturbance, whereas in the three-gyro platform the 
gyros will start to precess and tend to maintain a 
level platform. Thus the gyros in the two-gyro 
platform are indicators; those in the three-gyro plat- 
form have indicating and stabilizing capabilities. 
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Three-gyro and_ two-gyro 
platform _ configurations 
In both types, three ac- 
celerometers (not shown 
are mounted on the azi 
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inner roll pass through 
the azimuth resolver be 
fore entering the torque 
motors 
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B TWO-GYRO PLATFORM 


MAJOR ERROR SOURCES 


In general there are two kinds of errors: those 
inherent in the system as a result of design and 
designated as systematical errors and those arising 
from faulty production. Only the systematical 
errors will be considered here. These are: 


|) errors resulting from mass shift within the 
gyro itself (mass shift is an internal gyro error and 
does not stem from imperfections in the plate to 
which the gyro is attached) 

2) gyro drift caused by oscillations of the sta- 
bilized plate (this drift is considered an external 
gyro error because it depends on circumstances out 
side of the gyro—on the motions of the plate). 


Design of a good gyro depends mainly on the skill 
and experience of the designer and his ability to 
control mechanical and thermal stresses and thereby 
to minimize mass shift. He must also control the 
isoelasticity of his design to prevent drift resulting 
from vibrations. The following assumes that the 
gyros of both systems are equally isoelastic, but may 
have small mass shifts along their orthogonal axes. 


In two degree of freedom gyros 


The sketch at the top of Figure 2 shows the 
gimbal configuration of a two degree of freedom 
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he letters x, y, and z describe a coordinate 
system attached to the gimbal axes, where x lies 
along the spin axis, y along the inner precession 
axis, and z along the outer precession axis. To 
introduce accelerations a second coordinate system, 
A-B-C, is needed. ‘The first system is parallel to 
this. The following assumes that accelerations take 
place sequentially along the A, B, and C axes, and 
that during each acceleration, mass shifts occur 
sequentially in the x, y, and z directions. In other 
words there are six variables: three accelerations and 
three mass shifts. The object of this investigation 
will be to see what happens when one variable is 
changed while the other five are held constant. A 
mass shift along the spin axis (x) will be considered 
a major mass shift (double circle around the axis 
designation) while a mass shift along the y or z axis 
will be considered a minor mass shift (single circle 
around the axis designation). This is simply be- 
cause a gyro cannot be made as stable along its spin 
axis as along its other axes. 

Suppose an acceleration takes place along A and 
a mass shift along x. This mass shift produces no 
torque (see chart accompanying Figure 2A). How 
ever, a mass shift along y generates a torque around 
z, and a mass shift along z develops a torque around 
y. The torque z forces the gyro to precess around y, 
and the torque y forces the gyro to precess around 


gyro. 








B. SINGLE DEGREE OF FREEDOM GYRO 
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FIG. 2. Acceleration and mass shift effects on a two degree ot 
freedom gyro, A, and a single degree of freedom gyro, B. 





z. Since the y and z-axis mass shifts are of a minor 
nature, they produce minor drifts. 

If the acceleration occurs along B and the mass 
shift takes place along x, a torque develops around z 
and a major drift around y. If the mass shift is 
along y, nothing happens. A mass shift along z 
produces a torque around x, but this cannot cause 
the gyro to precess. 

\cceleration along C and mass shift along x pro- 
duce torque around y and major drift around z. If 
the mass shifts along y, a torque occurs around x, but 
no drift takes place. Mass shift along z has no effect. 


In single degree of freedom gyros 


The sketches, Figure 2B, show the gimbal con- 
figuration of two functions of the single degree of 
freedom gyro. In one case {1) the gyro is used as 
a vertical gyro for stabilizing a horizontal axis; in 
the other case (2) the gyro provides azimuth sta- 
bilization. Regardless of the application, the coordi- 
nate system remains fixed to the gyro with x along 
the spin axis, y along the input axis, and z along 
the output axis. For the vertical gyro (1) the 
coordinate system is parallel to the reference system 
A-B-C along which accelerations are applied. How- 
ever for the azimuth gyro (2) the coordinates y and 
z are interchanged; y is now along C and z is along B. 

Under the same assumptions of mass shift and 
acceleration as before, drifts will occur as tabulated 
in the last two charts of Figure 2. When an accel- 
eration occurs along A and mass shifts along x, y, 
and z, torques are produced around z and y, but only 


FIG, 3. 
Gyro behavior on 
a two-gyro platform. 
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the torque around z can cause a gyro drift. ‘The 
torque around y acts against the precession bearings. 
An acceleration along B in the case of the vertical 
gyro or C in the case of the azimuth gyro and cor- 
responding mass shifts along x, y, and z generate 
only one major drift rate—around y. Accelerations 
along the one remaining axis cause no drift at all. 
On the basis of the results given in these last two 
charts it may be said that under conditions of an 
arbitrary acceleration and an arbitrary mass shift, the 
single degree of freedom gyro drifts only when a 
torque is developed around the output axis. The 
drift therefore occurs around its input axis. A mass 
shift along the z axis has no effect and therefore 
it may be concluded that the single degree of free- 
dom gyro does not require balancing around the 
x axis other than that required to minimize vibration. 


On complete platforms 


Consider now the effects of mass shift on com- 
plete stable platforms. The drawing in Figure 3 
shows the gyro arrangement on a two-gyro platform. 
Gyros 1 and 2 are identical but gyro 2 has been 
turned 90.deg around the z axis with respect to gyro 
1. This means that the x and y coordinates of 
gyro 2 have been interchanged with those of gyro 1. 

In performing their stabilization role, the gyros 
transmit their drift rates to the platform, thus caus- 
ing the platform to drift with them. An investiga- 
tion similar to that used for the gyros alone produces 
the effects listed in the chart of Figure 3. In gen- 
eral, under the effect of a horizontal acceleration, 
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one of the gyros has a major drift around one hori- 
zontal axis; the other gyro has a minor drift around 
the second horizontal axis, plus a minor drift around 
the vertical axis. If the acceleration is along the 
axis C, the two gyros drift around the axis z. 

The configuration of the three-gyro platform is 
shown in Figure 4. Gyro 1 stabilizes the B axis, 
gyro 2 the A axis, and gyro 3 the C axis (azimuth). 
Because the spin axis of gyro 3 intersects the right 
angle between A and B, this gyro behaves differently 
under accelerations. For example an acceleration 
along A is sensed as 70 percent along the x axis and 
70 percent along the z axis. An acceleration along 
B has a similar effect. Results of these and other 
accelerations are shown in the chart. Note that the 
azimuth gyro has a drift of 70 percent of a given 
minor drift for either horizontal acceleration. 

The results listed in the chart lead to some inter- 
esting conclusions. Under the effect of a horizontal 
acceleration all the gyros drift. One vertical gyro 
has a minor drift around one horizontal axis while 
the other vertical gyro has a major drift around the 
other horizontal axis. As noted above, the azimuth 
gyro drifts 70 percent of the minor drift. An accel- 
eration along the vertical axis C has no effect on 
either vertical gyro. However its effect on the 
azimuth gyro is a major drift around C. 

It mav in general be said that both platform types 
behave the same under the effect of an acceleration 
with components along A, B, and C and gyro mass 
shifts along x, y, and z. They drift around one hori- 
zontal axis at a major rate and around the second 


horizontal axis at a minor rate. The drift rate in 
azimuth is only 70 percent for the three-gyro plat- 
form. Each azimuth gyro of the two-gyro platform 
has a 100-percent drift rate, but this can be reduced 
to 70 percent by an averaging circuit. 

Under the effect of vertical accelerations (includ- 
ing gravity) the two-gyro platform has the smaller 
azimuth drift rate, whereas under the effect of hori- 
zontal accelerations, the three-gyro platform has the 
smaller drifts. Therefore, the performance of either 
platform depends on the application. In the case 
of a smooth-flying aircraft, the two-gyro platform 
might have an advantage. For fighter aircraft and 
rockets, the three-gyro configuration is preferred. 


POINTS TO REMEMBER 


1) Bearing play along the precession axis of the 
single degree of freedom gyro does not produce a 
disturbing torque, but similar play along the inner 
precession axis of a two degree of freedom gyro 
makes it sensitive to accelerations along the spin 
axis, and it will drift. A bearing with extremely 
small play and friction attached to a small, light- 
weight gimbal is no mean production feat. 

2) Gyro gimbal deformation is the same as bear- 
ing play. A single degree of freedom gyro does not 
have this critical gimbal. 

3) A single degree of freedom gyro requires pre- 
cise balancing only around its output axis, whereas 
a two degree of freedom gyro requires balancing of 
itself and its gimbal around its two output axes. 
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Terminology for 
Functional Characteristics of 
Analog-to-Digital Converters 
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Expanding utilization of digital computers, digital display devices, and digital 
decision elements in conjunction with analog measurements has fostered active use 
of analog-to-digital converters. To apply the converters an engineer needs uni- 
form data on their characteristics. He is confronted, however, with nonuniform 
means of specifying the characteristics. To develop uniformity, the authors, as 
members of the Component Specifications Subcommittee of the AIEE Feedback 
Control Systems Committee, have prepared tentative recommendations (AIEE 
paper number 61-15, to be presented this month at the AIEE Winter General 
Meeting) for describing and testing the major characteristics of Voltage-to- 
Digital (VDC) and Shaft Position-to-Digital (SDC) Converters. This data file covers 
their recommended terminology for functional characteristics. 


W. M. GAINES 
P. P. FISCHER 


General Electric Co. 
Westinghouse Electric Corp 


Quantity Factors 
CODE (SDC and VDC) is the relationship between a 


set of quantized outputs and the values of points of 
the continuous input they represent. Examples: 
binary, modified binary (cyclic, gray), coded wave 
shapes (pulse width), octal, binary coded decimal 

TOTAL COUNT (SDC and VDC), the full scale read- 
ing of the converter, equals the maximum number 
of discrete quantization increments available from 
the converter. For a binary coded converter of 
n bits, the total count is 2". 

COUNT PER TURN (SDC) is the total number of 
discrete quantization increments produced by one 
revolution of the input shaft. 

POSITIVE INPUT DIRECTION (SDC) is the di- 
rection of input motion that produces an increasing 
output count. 

ZERO CROSS-OVER ANGLE (SDC) is the position 
of the input (for positive input direction) at which 
the output count changes to zero. In a binary 
coded SDC it is the position at which the count 
changes from all “ones” to all “zeroes”. 

CROSS-OVER ANGLE (SDC) is the angular position 
(measured in a positive direction from the zero 
cross-over angle) at which a change in count 
should occur. Each quantization increment is 
associated with a nominal cross-over angle. 

VALUE OF COUNT (SDC and VDC), the nominal 
input value (either voltage or angle) that corre- 
sponds to a particular count, is defined as the 
arithmetic mean of the theoretical input region 
(cross-over angles for an SDC and input voltages 
for a VDC) over which the output could occur. 
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Quality Factors 


RESOLUTION (SDC and VDC) is a measure of the 
smallest input change detectable at the output 
of the converter. See Figure 1. For a VDC it is 
expressed in input voltage and is a function of the 
signal-to-noise ratio, the gain, and the size of the 
least significant bit. For an SDC it is expressed as 
the reciprocal of the total count or its angular 
equivalent and it is a function of the size of the 
least significant bit. 

REPEATABILITY or PRECISION (VDC) is a meas- 
ure of the reproducibility of several independent 
quantizations (counts) of a fixed input under fixed 
environmental and operating conditions. See 
Figure 1. It is affected by friction, hysteresis, and 
nonrepetitive noise effects, as well as by the digital 














Analog input 


FIG. 1. In an ideal analog-to-digital converter all the 
steps have the same height and the same width; a unique 


digital value corresponds to any value of the analog input. 





resolution of the output. Time duration and all 
conditions must be stated. High repeatability does 
not necessarily imply accuracy; an erroneous quan- 
tization could be highly repeatable. 

ZERO OFFSET (VDC) is the magnitude of the out- 
put reading, referred to the input, when the input 
is zero. It is normally given in absolute input units 
to make it equivalent to an input error signal. 

DRIFT (VDC) is a measure, in absolute units, of the 
change in zero offset as a function of time. 

TOLERANCE (SDC and VDC) is the fraction of the 
total count by which a quantization differs from 
the true quantized value of the input signal after 
correction for zero offset. See Figure 2 

DEVIATION (SDC and VDC) is the fraction of the 
true quantized value by which the measured quan- 
tized signal varies from the true value after correc- 
tion for zero offset. See Figure 2. 

LINEARITY (VDC), a measure of the constancy of 
the ratio between output reading and input value, 
is based upon the deviation from a straight line 
drawn between the zero and total count (i.e., after 
correcting for zero offset and gain errors). Devia- 
tion is expressed as a percentage of total count 

MONOTONICITY (SDC and VDC) is an incte- 
mental linearity and is defined as the variation 
in the ratio between the incremental change in 
output and the input change necessary to produce 
the incremental change in output. 

QUANTIZATION UNCERTAINTY (SDC and 
VDC) is the fraction of the quantum or its equiva- 
lent input signal by which discrete output levels 
are separated by regions of uncertainty of the in- 
put quantity. An ideal analog-to-digital converter 
would have the characteristic shown in Figure 1. 
If all the steps were present and had the same 
height and the same width, the converter would be 
linear and monotonic. If the separation between 
successive steps had zero width, a unique digital 
value would correspond to any value of the analog 
input. In practice this is impossible; see Figure 3. 

TOTAL CONVERTER ERROR (SDC and VDC) is 
the maximum difference between the true input 
value for a given output count and the actual maxi- 














Actual input 


FIG. 2. Specifying deviation, rather than tolerance, 
demands more of the converter because maximum error 
must decrease as the signal amplitude decreases. 
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FIG. 3. Shaded area demonstrates the zone of 
quantization uncertainty which occurs in practice 


mum or minimum input value that produces the 
same output count. It may be expressed in input 
units or as a percentage of full-scale input. 
ABSOLUTE ERROR (SDC and VDC) is the absolute 
value of the total converter error, expressed in the 
units of the full-scale input. A combination of all 
the contributing sources of inaccuracy, it is not 
mally not a simple algebraic summation of the indi- 
vidual factors. If its nature is statistical, confidence 
intervals, as well as the mean, must be defined. 


Dynamic Factors 
MAXIMUM ALLOWABLE INPUT RATE (SDC 


and VDC) is the maximum change in input quan- 
tity in a unit of time. For an SDC its units are 
RPM and it depends upon the dynamic respons« 
of the readout means used (bounce and natural 
frequency for brush-type readout; response time for 
photocell readout; circuit sensitivity for other types 
of readout). For a VDC its units are volts per unit 
of time and it depends on the response of the 
conversion circuitry. 

CONVERSION TIME (VDC) is the time required t 
convert an analog signal to a digital code. Speci- 
fication in both unit time per bit and unit time 
per conversion are significant because some con- 
verters use a varied rate to allow longer settling 
times for the more significant bits. 

CONVERSION RATE or READOUT RATE (SDC 
and VDC) is expressed in terms of the number of 
discrete outputs (corresponding to discrete inputs 
that may be obtained in a unit of time. For a VDC 
the unit of time is the sum of the settling time 
and the total conversion time. In specifying con- 
version rate, the control system designer must 
establish whether the converter has special logic 
functions such as automatic range selection and 
polarity selection. 
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Transistorized Circuitry for 
Road Machinery Control 


THE GIST: Applying automatic electronic control to a piece of basic machin- 
ery like a road grader raises a difficult problem: how to compensate for 
time delays introduced by such mechanical characteristics as backlash, 
friction, and elastic deflection of linkages. The authors describe an all 
transistor control that solves this problem with a simple but clever computing 
circuit so that no alterations are required to the basic machine. In fact, the 
automatic control cabinet sits next to the manual control lever and actuates 
the same mechanical linkages. The control applied to the blade of the road 
grader reduces the tedious part of an operator's job. 


JOHN T. BOWEN 
ROBERT M. WALP 
Preco, Inc. 


Common obstacles to the application of automatic 
feedback control equipment to existing basic ma- 
chines are the time lag and positioning uncertainty 
introduced into drive trains by such mechanical 
deficiencies as backlash, elastic windup, and friction. 
Replacing or upgrading the drive train, particularly 
if large amounts of power have to be transmitted, 
may not be feasible because of the expense. Often 
it is also necessary to retain conventional manual 
controls for special situations. Both of these require 
ments influence the design of controls for construc- 
tion machinery. 

Despite these restrictions, however, construction 
machinery is a good potential application for auto- 
matic control. ‘The first construction machine elec- 
tronic control system, developed to automatically 
regulate the slope of the leveling blade on a motor 
grader, illustrates how these restrictions can be satis- 
fied with a relatively inexpensive, reliable design. 

The motor grader is the most versatile, yet the 
most precise of modern heavy construction machines. 
[ts unique function in roadbuilding and airport con- 
struction is to shape the earth to a prescribed cross 
section. In a modern highway, for example, cross 
sections are the same for thousands of feet in the 
direction of travel, and good riding quality at high 
speeds requires that tolerance on cross slope be held 
to a fraction of an inch in the width of a lane. 

To achieve such tolerances with purely manual 
control, an operator with a “good eye” must closely 
follow an elaborate network of carefully surveyed 
reference stakes. This monotonous, but precise, 
slope control task is well suited to automatic control. 
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Control requirements 


Because of the tight tolerance on the graded sur- 
face, the static repeat accuracy of the control has 
to be 4 in. in 10 ft of surface width. This is an 
angular tolerance of 3 min of arc, or 0.06 percent 
of the total control range, which was chosen to be 
90 deg, 45 deg above and below the horizontal. 

The position of the blade relative to the frame 
is adjusted by means of four independent linkages 
(Figure 1): right lift, left lift, side shift, and blade 
rotation. Minor changes in the transverse slope of 
the surface being cut are made bv adjusting one of 
the two lift linkages. 

Under manual control the operator moves these 
linkages by manipulating either of two control levers 
which position dog clutches or hydraulic spool valves 
(depending on the particular grader design). In 
either case the control element is an on-off device. 
Rate of correction is proportional to engine speed; 
thus the amount of correction must be controlled 
by the duration of engagement. The operator esti- 
mates the correction required and attempts to 
achieve it by moving the lever one or more times. 

Because of the mass of the blade structure and 
the large external forces applied to it, each lift drive 
must deliver about 3 hp to the linkage at maximum 
lift speed (about 0.30 ft per sec To simplify in- 
stallation, existing clutches and drive train are used 
for automatic as wcll as manual control 

Since the operator regulates the elevation of the 
blade structure manually, following a reference line 
on one side of the grader, that end of the blade 
has been left under conventional manual control. 
The other end is controlled automatically to main- 
tain the desired transverse slope on the graded sur- 
face. The actuator for automatic control is external 
to the existing drive train and coupled to it via the 





FIG. 1. 


Geometry of the grader blade. 
The blade is adjusted by four 
independent linkages (heavy 


lines). 
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FIG. 3. 

Blade lift gear train showing 
where mechanical deficiencies 
are introduced: ¢ is position un- 
certainty; 5;, 5. and 63, backlash; 
f, dry friction; and k, elastic de- 
flection. Automatic control 
(shaded) is applied to same link 
age as manual control. 
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FIG. 2. 

Automatic control 
installed beside 

the manual control. 
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FIG. 4. Automatic control system. 


manual control lever (Figure 2). Only the linkage 
attached to the left side control lever is shown. In 
the photo the selector on top of the actuator en- 
closure is shifted to provide automatic control on 
the left end of the grader blade. 

A blade lift clutch and reduction gear train is 
shown in Figure 3. The clutch spool has two or 
three dogs which engage corresponding counter- 
rotating members to raise or lower the blade. Sev- 
eral stages of gear reduction and a final drive shaft 
produce crank rotation, hence blade motion. Al- 
though this mechanical system is rugged and quite 
adequate for manual operation, position uncertainty 
e; backlash 8), 82, 83; dry friction f; and elastic deflec- 
tion k result in effective time lags which might 
seriously limit automatic performance. 

Under typical operating conditions a delay of 
about 50 millisec occurs from the start of clutch 
engagement to the start of blade movement. This 
delay may be longer than the time required to pro- 
duce a minimum increment of blade movement so 
the control system must introduce a pulse of motion 
which is quenched before the load moves. 

The amount of transverse slope correction which 
takes place for a given time of clutch engagement 
depends on engine speed, drive train slack, fric- 
tion, lift crank position, and blade attitude. Engine 
speed can vary over a 3 to 1 range. Because vehicle 


speed usually has the same dependence, slope change 


per foot of forward travel remains relatively constant. 
If the crank is parallel to the lift link, the rate of 
slope change will be zero. An experienced operator 
will work with crank and link nearly perpendicular. 

The effective drive gear reduction is influenced 
by blade position in a more subtle way. A motor 
grader is almost never operated with the blade trans- 
verse to the direction of travel. Normal orientation 
for flat grading is shown in Figure 1, almost 45 deg 
with the direction of travel: cut material would be 
cast laterally to the right of the grader. In this 
position the transverse slope changes rapidly with 
right side control since the cutting edge is nearly 
perpendicular (in plan view) to the axis about which 
the blade system rotates. Conversely the transverse 
slope changes slowly with left side control since 
the cutting edge is nearly parallel to the rotation 
axis. The ratio between the two rates of slope 
change is about 3 to 1. In more extreme blade 
positions (used for sloping banks) even greater 
changes in drive ratio occur. 

One way to handle these variations in speed and 
drive ratio would be to measure the correction rate 
directly and use the resulting signal to vary engage- 
ment time. This approach is frustrated by the 
difficulty of measuring angular correction rates as 
low as 0.01 radian per sec and by the time delay in 
the drive train, so that the clutch must sometimes 
be disengaged before the blade has moved. The 
rate signal would thus be obtained too late to be 
useful. A second approach, which has been suc- 
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cessful experimentally, is to measure electrically the 
principal angles which determine blade orientation 
and use this data to vary the engagement time. 

A simpler way is the timing system shown in Fig 
ure 4. In combination with the grader control char- 
acteristics, it proved relatively tolerant of the wide 
range of correction rates. 


System design 


The operator sets the slope dial to cut the required 
transverse slope and selects the end of the blade 
which is to be under automatic control. The actual 
blade slope is measured and compared with the ver 
tical reference, a heavily damped pendulum sus- 
pended about a horizontal axis approximately parallel 
to the direction of travel. The actual and required 
slopes are compared in a bridge circuit, using pre- 
cision potentiometers as angle transducers. Any 
discrepancy is amplified and used to actuate the 
grader clutch and gear train. Thus the blade slope 
is restored to the required value. Disturbances of 
the blade slope arise from two sources—roll of the 
grader frame due to blade loads or surface irregu 
larities, and elevation changes of the manually con- 
trolled end of the blade imposed by the operator. 

The position sensing bridge circuit and electronic 
system operate from a nominal 6-vdc electrical sup 
ply. Because of the low bridge supply voltage and 
high ratio of operating range to threshold error, 
considerable error signal amplification is required. 
Circuitry based on the use of germanium transistors 
as active elements was chosen to provide a good 
balance of the following requirements: 


]. high reliability 

2. long service life 

= 

3. moderate cost 

4. minimum null drift 

5. acceptable performance in the ambient tem- 
perature range 0 to plus 130 deg F 

6. low supply voltage. 


The de error signal from the bridge circuit is con 
verted to a 20-kcps voltage by a transistor modulator 
(Figure 5). With three stages of ac amplification, 
the signal undergoes 70-db of gain before a syn- 
chronous demodulator. A zero-center meter con- 
nected across the demodulator output allows accu- 
rate zeroing of the system to compensate for cutting 
edge wear. Because the meter is a reliable indicator 
of departure from required slope, it can be used as 
a guide for manual control of the blade. 

The demodulator output is routed to the up and 
down switching circuits through a reversing switch 
to preserve the proper sense of blade motion as auto- 
matic control is transferred to right or left side gear 
trains. This switch is operated by the selector which 
mechanically couples the solenoid actuator to either 
of the blade control levers on the grader. In turn, 
the switching circuits control contactors which 
operate the actuator solenoids. These circuits are 
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completely transistorized, employing a Schmitt trig- 
ger, such as shown in Figure 6, to drive a power 
transistor controlling current to the contactor coil. 

The actuator armature is magnetically pulled up 
or down depending on which switching system is 
conducting. The dog clutch is engaged to produce 
blade rotation in the proper direction. When the 
solenoid is deenergized, the teeth disengage and the 


clutch moves toward its central neutral position. 
However, because of inertia, the clutch tends to 
overshoot and can then oscillate for some time be- 
tween up and down engagements. ‘To prevent oscil- 
lation and reduce disengagement time, a centering 
solenoid is switched on immediately after either the 
up or down solenoid is switched off, through a circuit 
that receives its input from the outputs of the up and 
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FIG, 5. 

Amplifier and switches. After 
amplification, demodulation 
output is routed to proper 
circuit by a reversing switch. 
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FIG. 6. 
Triggering circuit controls con- 
tactor which operates actuators. 


FIG. 7. 

‘Timing circuit. Resistor Riz and 
diode pair CR; and CRe make 
up a variolosser network. When 
de bias current is zero, the net- 
work causes little attenuation of 
first amplifier output. When the 
up contactor is energized, point 
T is raised from common nega- 
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down switches. A sterilizing circuit insures that 
neither the up nor down switch can conduct while 
the center contactor is energized. The circuit (Fig- 
ure 7) which controls clutch engagement time is 
interposed between the first and second amplifier 
stages. It acts to reduce system gain with time from 
the instant either the up or down contactor is en- 
ergized., 

The performance of the timing circuit is shown 
in Figure 8A. Any characteristic curve between 
(1) and (3) may be obtained by an adjustment of 
Rso. This adjustment plus one for down operation 
and an over-all gain adjustment are all that are 
needed to match the control] to a motor grader. 


System operation 


If an error in blade slope greater than the threshold 
value arises in the sense which requires operation 
of the up switch, the amplified and demodulated 
signal reaches the up trigger with very little time 
delay and the up contactor is energized shortly there- 
after. The timing circuit begins to attenuate the 
error signal along, for example, curve 3, Figure 8A. 
After an initial delay the blade begins to move, 
and position error is corrected at a constant rate as 
shown in Figure 8B. Trigger input, being the prod- 
uct of error and attenuation, falls more rapidly to 
the cutoff level, Figure 8C. After the trigger turns 
off, the blade continues to move because of inertia 
and windup effects, perhaps overshooting the zero 
error position somewhat as shown. If the rate of 
position correction is slower, the trigger remains 
on for a longer time, thus tending to produce more 
nearly the same total correction. 

The control behaves very much like a human 
operator. If the error is observed to be large, the 
control lever is engaged steadily until zero is ap- 
proached, then disengaged and, after another ob- 
servation, perhaps a small additional correction is 
made. Because of dry friction and clutch tooth 
orientation, the dynamic performance of the system 
is difficult to specify in a simple quantitative way. 
However, performance of the automatic control is 
fast and accurate enough to represent a substantial 
improvement over human capabilities. 


Blade geometry 


One unusual feature of the motor grader problem 
is the difficulty in measuring the variable to be 
controlled: the true transverse slope of the graded 
surface. Usually the motor grader travels along a 
course which is nearly at a right angle to the cross 
section in which slope is specified. Therefore the 
transverse slope of the surface being cut is the 
projection of the cutting edge into a plane normal 
to the direction of travel or approximately normal 
to the center line of the grader. Since the blade 
suspension allows arbitrary orientation of the cutting 
edge with respect to the grader frame, some means 
must be found to derive the required angle. 
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Variolosser voltage ratio 


Position error 


Up trigger input 


Time from error input —> 


FIG. 8. HOW THE SYSTEM PERFORMS 


Error in blade slope is amplified and demodulated, 
reaches the up trigger, and energizes up contactor. 
The timing circuit begins to attenuate along curve 3 
in A, for example. After an initial delay the blade be- 
gins to move and position error is corrected at constant 
rate (B). Trigger input, the product of error and attenu- 
ation, falls more rapidly to the cutoff level in C. 


With the blade transverse to the grader frame, 
the slope being cut is assumed to be zero. However 
when the blade is rotated 45 deg into a normal 
working position, the transverse slope becomes 3.5 
percent or approximately 35 times the slope error 
tolerance for the system. This effect arises because 
the circle plane is not parallel to the grader wheel 
plane nor can it easily be made so in practice. An 
idea of the magnitude of error which arises if the 
blade geometry is ignored can be seen from Figure 9. 

Theoretically the position of the cutting edge 
with respect to a coordinate system fixed on the 
grader frame can be defined by two angle measure- 
ments. Actually, three angles between the drawbar 
and frame would have to be measured as well as 
rotation of the circle with respect to the drawbar. 








Axis of blade rotation—» 





Blade circle 











Blade rotated 


88 deg 45 deg 


FIG. 9. Blade rotation increases magnitude of errors because 
circle plane is not parallel to the grader wheel plane. 
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FIG. 10. 


Projecting mechanism. 


Because of the required accuracy (better than 0.001 
radian) and cost limitations, individual angle meas- 
urement and trigonometric combination seems un- 
feasible. Looseness between blade circle and draw- 
bar and elastic deflection of the drawbar would intro- 
duce serious errors under some conditions. 

Instead, a purely mechanical linkage was devised 
which transmits the cutting edge position into a 
structure fixed on the main frame and provides the 
projection into a transverse plane as a single shaft 
rotation. We need only compare this shaft angular 
position with the pendulum vertical reference to ob- 
tain the true transverse slope of the cutting edge. 

On all motor graders the blade and circle structure 
can be raised and lowered and shifted laterally 
through distances of several feet. For stability the 
vertical reference is supported from the main frame. 
To prevent excessive telescoping of the mechanical 
linkage between blade structure and main frame, the 
vertical reference is anchored near the ball joint. 

A hinge axis which is parallel to the cutting edge 
is supported from the blade structure. This axis is 
transmitted forward by a rigid framework containing 
discs at each end, the discs being caused to rotate 
together by a steel belt drive. Thus the lower axis 
in Fi igure 10 is constrained to be parallel with the 
cutting edge; in fact it becomes the cutting edge for 
control purposes. The two freely rotating “T” mem- 
bers perform the projecting function previously de- 
scribed, producing the desired angle component. 

Although many of the components of the me- 
chanical linkage have to be made with very high 
precision, they are still well within the scope of 
standard machining methods. Seven hinge joints 


are required: backlash is eliminated by preloading 
techniques. The vibration environment of the 


motor grader helps to reduce friction problems. 


Reliability 


The construction industry traditionally demands 
a high degree of reliability from the equipment it 
buys. Operating conditions are severe. Equipment 
is subject to rough handling: shock, vibration, dust, 
water, and temperature extremes equal or exceed 
those for which military ground support equipment 
must be designed. Maintenance and service are 
complicated by the fact that the equipment is 
frequently operated in remote areas where trained 
personnel and proper facilities are not at hand. As 
the first sophisticated contro] system in the con- 
struction industry, the automatic blade control suf- 
fered from the additional disadvantage of containing 
components unfamiliar to operators and servicemen. 

Under these circumstances, it is not surprising 
that the original units required a considerable 
amount of attention to insure satisfactory operation. 
A major improvement in field reliability was achieved 
with the introduction of simple, centralized wiring 
and all-transistor circuitry to replace vacuum tubes 
and relays which were used in the first design. Ex- 
ceptional reliability within a reasonable cost limit 
has been achieved by conservative design, careful 
debugging, the use of well-established components 
that are manufactured in large volume, and exhaus- 
tive production testing of each unit. 

The pendulum potentiometer introduced a service 
problem at first. Torsional vibration, originating 
primarily in the grader engine, is transmitted into 
the pendulum potentiometer which measures blade 
position with respect to horizontal. Relative mo- 
tion occurs between wiper and helical resistance 
winding consisting of a continuous dither at about 
25 cps over one or two winding pitches superimposed 
on slow meandering—whenever the grader is in 
operation. If this motion is interpreted as an equiva- 
lent number of sweeps over the central position of 
the winding, the satisfactory service life of wiper 
and winding must exceed 10 million cycles. 

The conventional wire-wound potentiometer de- 
sign did not have such a life: wiper and winding 
wear and electrical noise soon developed in this 
service. On the other hand, the wire-wound poten- 
tiometer is by far the most economical angle trans- 
ducer (in itself and considering related equipment) 
where high linearity is required. Multiple contact 
designs were developed, using precious metal wind 
ings which meet or exceed the life requirement. 
Continued sample life testing assures that the reli- 
ability level is maintained. 

These and other lessons have been learned during 
some four years of field experience with the auto- 
matic blade control. The construction industry, 
properly conservative and skeptical at first, now 
accepts automatic control as another of its tools. 
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Whether your lens problem involves simple reproduction, or complex 
optical and electronic devices, it will pay you to check first with Schneider 
. world’s leader in quality optics. For the Schneider line, the world’s 

most extensive, includes close to 300 different lens types. More than likely, 
it includes the exact lens you require... or certainly one which can be e € Sr 
modified to exactly meet your specifications. All are of highest quality Oe andl e Zz 
available ... the most modern electronically computed designs (including fe 2S & 

. . . a 
air spacing) ... rare earth glasses with all surfaces coated. Yet, these : 
lenses are available at realistic prices ... another practical reason for you 
to investigate Schneider. Specification sheets are available giving dimen- Free literature 
sions, optical characteristics, nodal points, back focus, spectral transmis- Literature illustrating 

; i . ; 3 and describing many 
sion and relative illumination curves, etc. Literature on request. of the Schneider lens 
types available from 


stock will gladly be 
sent on request. 
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Accelerometers measure the force needed to prevent 


a so-called proof mass from being accelerated relative 
17 W T to the case within which it is mounted. Force and 
ad V S O acceleration are proportional and of necessity in the 
same direction. The simplest instruments, in concept at 
least, involve restraint of linear motion of the proof 
mass. This restraint may be by spring extension, viscous 
easure shear, linear magnetic force motors, or some other such 
force inducer. A second class of accelerometers con- 
sists of pendulum-type devices in which a pivot converts 
in linear motion to angular motion within the instrument. 
Similar restraint mechanisms are used, this time acting 
Acceleratio I ) about the pivot. Although modifications of the simple 
pendulum are widely used, the pendulum and its instru- 
mentation are not as well understood as the linear 
accelerometer. 
The most sensitive accelerometers in the world are 
the gravimeters used in geodetic measurements of the 
earth's gravity field. Here sensitivities of one 10-mil- 
lionth of the value of g are common, though rarely 
exceeded. Navigational accelerometers seldom display 
HORTON B. SABIN sensitivities even one-hundredth as good, while linearity 
Arma Division is at least another order of magnitude poorer again. 
American Bosch Arma Corp. But navigational accelerometers cover a range of about 
100,000 to 1, while gravimeters have a range of about 
100 to 1. Thus the ultimate performance of acceler- 
ometers in general involves a tradeoff between sensitivity 
and linearity on one hand and range on the other. 





COMPOUND PENDULUM differs from the simple pendulum only 
in having a different unbalance-mass to inertia ratio. The com- 
mon instrumentation shown uses a feedback torquer amplifier 
to supply the spring restraint. This effective spring is so stiff that 
only small displacements occur and cross-coupling spring effects 
such as gravity are all but negligible. A flotation fluid minimizes 
pivot loading and also suppl quate to make the 
float inertia term negligible and instrument + tial 
first order. At the same time the damping coefficient to spring 
restraint time constant is small enough for present day vertical 
tracking systems. High precision requirements call for the viscous 
restraint to be Newtonian in character and nonvarying in time. 
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SIMPLE PENDULUM points to or oscillates about 
the net acceleration vector, indicating direction of 
acceleration but not magnitude. Where horizontal 
acceleration only is to be measured, the tilt of 
the pendulum is significant since this tilt angle 
is related to the ratio of horizontal acceleration * — ; , 
to gravity. Thus, gravity provides a calibrated - ‘ ee _—— 
spring restraint for measuring horizontal accelera- Low friction Ss ulus — ee 
tion, but the direction of gravity must be remem- bearings 

bered if the tilt angle is to be measured. Viscous 
damping is commonly used. 
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Viscous 
electrolyte — SINGLE AXIS BUBBLE LEVELS can detect tilt angles 
of a minute of arc or less. Gravity plays the same 
role as in the simple pendulum, while damping de- 
pends on liquid viscosity. Inertia effects are negligi- 
ble. The liquid used is an electrolyte, and varying 
interelectrode conductances depend on the relative 
zi Balance lengths of electrode uncovered by the liquid. A 

adjust . three-terminal network serves as two legs of a 
Wheatstone bridge, and a galvanometer null indi- 
cates verticality of the bubble vial. Current un- 
ey balance near null is an indication of horizontal 
‘ acceleration. 
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CIRCULAR BUBBLE LEVELS are sensitive to hori- 
zontal accelerations in two directions but are not Restraining springs. 
as linear as the single axis type. Both single axis on Wttttts 
and circular bubble levels require a known ac- _ oe 
celeration bias such as gravity and must remember 7 —Soogh P 
the direction of gravity. This memory is provided ““ Float mass 
by gyroscopes in all devices that are carried in : not neutrally 
i hicles. D mpin ] Duoyant 

moving vehic | Damping 
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LINEAR CYLINDRICAL ACCELEROMETER with spring restraint has 
a displacement proportional to acceleration. The spring constant 
provides calibration, and the signal generator is usually one of a 
variety of forms of E-pickoff. Often partial flotation is obtained by 
immersing the proof mass in a damping fluid. 
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LINEAR CYLINDRICAL ACCELEROMETER in a dif- 
ferent form uses a linear thrust motor acting in 
a servo loop to keep the pickoff at null. Accelera- 
tion is then proportional to some function of the 
excitation current supplied to the motor. Linearity 
is almost entirely dependent on the linearity of 
the thrust motor. The alignment rod restricts 
sideways motion of the proof mass. 
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_— Symbolic 
linear 
pickoff 





and | ng f i LINEAR CYLINDRICAL ACCELEROMETER in still another 
nn es Sensitive form uses the viscous restraint of the damping fluid 
/ aes to balance the force of acceleration. This process 
leads to integration, and devices of this type are often 
referred to as velocity meters. A linearly calibrated 
Unfloated proof mass or corrected pickoff running the full length of the 
(May be centered using one of a number proof mass’ freedom is necessary for precision instru- 
of mechanical or electrical techniques) mentation. 








HYDROSTATIC SPIRAL TUBE ACCELEROMETER depends 
on angular acceleration to null the pressure difference 
between opposite ends of the tube. Linear accelera- 
tion along the spin axis creates the pressure difference, 


Jr xa and the angular acceleration imparted by the servo- 
=u Sensitive motor nulls it out. Motor speed is proportional to 
G | | | U es > axis instrument velocity, and the number of revolutions is 


Servomotor Pressure proportional to distance traveled. 
transducers, 
both ends 

















VIBRATING STRING ACCELEROMETER is sensitive to 
accelerations along the string axis. Tension differ- 
ences result, and the natural frequencies of the two 
supporting strings vary accordingly. Even though 
elaborate instrumentation is required to obtain in- 
sensitivity to cross-axis accelerations, high caliber ac- 
celerometers have been constructed. 
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ONE-DEGREE-OF-FREEDOM PENDULUM uses gyroscopic Spin axis paralle|—_ 

torque to null the torque generated by linear accelera- to fable be 
tion. Instrument rotation about the table axis forces 
the gyro to precess, resulting in a torque about the Null = 
pendulum pivot axis. A high gain amplifier drives pickoff — 

the motor at a speed proportional to the deviation 
signal from the pickoff on the pendulum pivct axis. 
The integrating property of the gyro makes it possible 
to measure velocity with this instrument. Changes in 
velocity are proportional to turntable displacement. 


Amplifier 














TORSION PENDULUM modified to be insensitive to 
lateral accelerations is another form of linear ac- 
celerometer. Rotation of the pendulous mass rather than 
its translatory motion is the basic measured output. 























SIMPLE GAS PRESSURE ACCELEROMETER depends on 
acceleration of a horizontal column of liquid. As in 
a pendulum, this instrument is sensitive to accelerations 
normal to the gravity field. No integration is provided 
with this arrangement, although manipulating pres- 
sures P; and P2 could conceivably modify the operation 
of this device. 
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“Torsion spring 











Pi ckott measures rotation 
about cylinder axis 

















Free proof mass 


TRANSIT-TIME ACCELEROMETER measures the time interval 
between release of a free-falling proof mass and its contact 
with the containing cavity. Thereafter it is recaged and 
rereleased and another interval or transit time measured: 
only periodic acceleration ements are possible. As- 
suming constant acceleration through an intervcl, accelera 
tion is proportional to the inverse square of the time 
interval. The actual measured quantity is the change in 
Displacement velocity during an interval. A possible continuous scheme 
sensors {Six might use multiple and overlapping measurements. 























DOUBLE-INTEGRATING ACCELEROMETER, also known 
as the distance meter, uses the inertia reaction of an 
electrically driven rotor to balance the torque of a 
pendulum. The rotor is enclosed within an unbalanced 
but floated cylinder. Bearing friction is overcome 
by the electric drive while speed changes alone 
react, through the motor, against the float. The 
speed changes are a measure of changes in linear 
displacement. 



























































Four bonded 
strain gages 
two on each 
side of beam 


























SELF-GENERATING ACCELEROMETER uses piezoelec- CANTILEVER BEAM ACCELEROMETER has four strain 
tric crystal in compression to self-generate an output gages bonded to the beam and is sensitive to accelera- 
voltage proportional to acceleration. In the spring- tion perpendicular to the beam in the bending plane 
mass system consisting of a weight pressed against of the beam. Gages are connected as four legs of a 
the top of the crystal, a highly compressed soft spring Wheatstone bridge, yielding an output proportional 
reduces creep instability. Linearity is good over a to acceleration. In actual instruments the housing con- 
wide range of accelerations. taining the beam and proof mass is often filled with a 
damping fluid. Piezoelectric elements such as barium 
titanate can be bonded to the beam as well as con 
ventional wire strain gages. 
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| Sensitive VACUUM TUBE ACCELEROMETER uses special tube in 


| Oxts which two flexible plates deflect under acceleration 


forces. This is a special case of the cantilever beam 
accelerometer. The current output of the bridge is 
directly proportional to tube acceleration. 




















NEW! Self-Check Rate of Turn Gyro 
Tells you “‘GO!’’ or ‘“‘NO GO!’’ 


Here is built-in reliability you can depend on. Just prior 
to flight, when it really counts, you can determine whether 
the new Honeywell Rate of Turn Gyroscope, Model JRS 
Series, is functioning properly by just pressing a switch 
. . . Green light — “GO!” .. . Red light — “NO GO!” 
It’s just that simple. In missile applications, it can be 
even simpler. Manual “press-to-test” can be eliminated 
by programming an automatic gyro integrity check into 
the countdown network. 


This new Honeywell Rate Gyro is designed expressly for 
flight control and instrumentation in missiles and aircraft 
where severe ambient conditions prevail . . . and at the 
same time where low threshold, minimum hysteresis, 
excellent linearity, high natural frequency, high signal-to- 
noise ratio, and ruggedness are essential. 


Viscous damping is temperature compensated to maintain 
a virtually constant damping ratio over the entire operat- 
ing temperature range of —65°F to +175°F. 


Honeywell inertial components and engineering experi- 
ence are available to assist in the solution of your gyro 
problems. Write for Bulletin JRS to Minneapolis- 
Honeywell, Boston Division, Dept. 34, 1400 Soldiers 
Field Road, Boston 35, Mass., or call your local Military 
Products Group office. Sales and Service offices in all prin- 
cipal cities of the world. 


Honeywell 
(Ee) Mitton Pte Gump 


110 CIRCLE 110 ON READER SERVICE CARD 


—~ PERFORMANCE DATA 


EXCELLENT LINEARITY: As low as 0.25% of 
full scale 

LOW HYSTERESIS: Less than 0.1% of full 
scale 

LOW THRESHOLD: Less than 0.01 degree/ 
second 

MICROSYN PICKOFF: Variable reluctance type 
providing infinite resolution and high signal- 
to-noise ratio 

FULL SCALE RATE: As low as 10 degree/ 
second 

FULL SCALE OUTPUT: Up to 15 volts 
RUGGED: Withstands 100 G shock 
VIBRATION: Operates at 12 G shock to 2,000 
cps 

SIZE: 2.11” diam. x 4.60” long 


Honeywell Rate Gyro, WEIGHT: 2.2 Ibs 
Type JRS Series. sie é 


Shown approx. ¥ size Consult Honeywell for your specific 
gyro requirements 





Self-Check Feature Is Used 
to Determine that: 


(a) Gimbal is free to rotate 
(b) Restraining Spring is able to return 
gimbal to zero position 


(c) Pickoff generates proper signal, pro- 
portionate to gimbal deflection 


(d) Gimbal Deflection is proportionate tc 
given torque exerted upon it 


Gyro Wheel rotates at proper speed 
Dampening Ratio of gyro is within 
acceptable limits 
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Safe, Reliable Process Monitoring 


Part Il: SELECTION, 
DESIGN, and SPECIFICATION 


THE GIST: Continuous and data-sampling systems comprise the two major types 
ot process monitors, as described by the author in Part | (December 1960). Besides 
reviewing system functions and operation, the first part also explains what can go 
wrong with typical transducers and monitor circuits to reduce systems reliability. 

However, as detailed here, positive steps can be taken to improve over-all 
monitoring reliability. Among them are the selection of proven transducers and 
arrangement of a system configuration that includes failsafe circuits and 
logic testing. Such information must be included in the systems specification, a 
document that incorporates customer experience in a way that guides the 
vendors to produce a safe, reliable monitoring system. 


R. SHERRARD 
Hanford Atomic Products Operation 
General Electric Co. 


Maximum reliability for process monitoring sys- 
tems such as those watchdogging critical processes 
like nuclear reactors and chemical operations can 
be assured by taking advantage of both customer 
experience and vendor experience. Customer expe- 
rience is reflected in the preparation of judicious 
system specifications that interrelate the reliability 
requirements of the process and its monitoring sys- 
tem. Besides including the over-all design philos- 
ophy for the monitoring system, typical specifications 
contain some statements regarding the minimum 
experience required of the vendor to assure the 
customer that the system will meet requirements. 


Preparing monitoring system specifications 


The first step is for the customer to define the 
monitoring system requirements adequately and 
realistically. The specifier must force system de- 
sign to be in the most reliable configuration and 
his specification will result in its achievement. The 
reliability requirements for an ideal continuous mon- 
itoring system would, for example, allow a maximum 
of one to five false trips (or scrams) per year due 
to a failsafe operation or malfunction of the process 
safety monitoring equipment. Scheduled calibra- 
tion at six months or shorter intervals for each 
controller would be reasonable. 
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The desired reliability for data sampling (or data 
acquisition) systems is more stringent. One to two 
thousand hours of on-line operation is required be- 
tween scheduled shutdowns, with only one unsched- 
uled maintenance shutdown permitted for each 
ten periods of on-line operation. 

Experience with installed monitoring systems in- 
dicates that such ideal reliability requirements have 
not yet been met. Operating results on two large 
continuous temperature monitoring systems show 
that the number of false trips is about ten times too 
great. Intermittent wiring faults in the monitor 
and failures of transducer connections and the 
output logic modules caused most false trips. On 
smaller, newer continuous monitoring systems a few 
primary-function false trips have occurred from sen- 
sitive relay failures. But magnetic-amplifier circuits 
have accumulated between 10 and 15 million unit- 
hours per detected malfunction (for a 1,000 point 
system about 1.5-2 years operation per failure). 


Consider the transducer 


The second step is to specify reliable transducer 
type and configuration. Here, the reliability of the 
transducer itself in measuring the particular process 
parameter, and the power gain needed after the 
transducer to carry out the desired function, be- 
come significant. A transducer with a large power 
output immediately enhances system reliability by 
requiring minimum gains, which, in turn, reduces 
the number and complexity of the components. 





(A) Single transducer, dual module 
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(B) 





Dual transducer, dual module 


Series trip circuit 


To annunciator 


presently installed equipment. 
The system specified herein will 
be incorporated as part of the pro- 
tective system of a nuclear process. 
Detected failure of the equipment 
requires process shutdown. Unde- 
tected failures or malfunctions may 
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allow damage of a serious nature 
to the process. Therefore it is re- 
quired that the equipment specified 
be extremely reliable. 

To insure reliability, the specified 
system must be composed of com- 
ponents, modules, etc., which are a 
normal product of the seller and 
are in continuous production. All 
components, circuits, and techniques 
| employed in the system must have 





Series trip 
circuit 





FIG. 


the 


. When the transducer has been proven by experience to be highly reliable, only 
one pat point) need be used, A. But when utmost confidence cannot be placed in 


transducer, two are used for reliability enhancement, B. 


High output also improves the signal-to-noise ratio. 

As an example of the difficulty of obtaining a re- 
liable temperature measuring element for monitoring 
a nuclear reactor, five designs were needed to evolve 
an acceptable resistance temperature detector. Each 
successive configuration, except the third, which was 
a regression, resulted in doubling transducer life. 
The second and fourth configurations were succes- 
sive replacements for about 7,000 units. The fifth 
configuration is now considered to be an adequately 
reliable transducer. For every 100 units, field expe- 
rience shows that 90 to 95 are expected to survive 
10 years of critical service operation. 

The third major step in the preparation of mon- 
itoring system specifications, besides defining system 
requirements and specifying the transducer, is the 
exercising of good engineering judgment. The de- 
signer must not only specify system configuration—a 
point dealt with in more detail later—but also must 
take advance measures precluding undesirable or 
marginal techniques or components that may reduce 
monitoring reliability. For example the specifica- 
tions may outlaw such configurations as a_ series 
string of magnetic amplifier control windings which, 
without sufficient buffering, can interact and cause 
totally unacceptable performance. 


Anticipate vendor performance 


To produce reliable equipment the vendor must 
of course be experienced in circuit design and manu- 
facturing operations. But the user’s specification 
can add safeguards in the specification by including 
statements that further assure adequate vendor per- 
formance by requiring adequate experience. Such 
statements as those below are paraphrased from ac- 


been applied extensively so that 
the reliability of the components 
and techniques can be substantiated 
by the seller. Specifically excluded 
are components, circuits and tech- 
niques available in limited of pro- 
totype quantities or tested only in breadboard or 
development equipment. 

The seller must employ completely designed and 
proven components from which to assemble the system. 
Here, proven components are at least second generation 
and preferably third generation as defined below: 

First generation—Successful application of production 
components, modules, etc., in the field to a system with 
functional requirements similar to those specified. 

Second generation—Successful field application of 
production components, modules, etc., incorporating 
changes or design improvements found to be necessary 
by field application of first generation units; or two 
years successful application of large quantities of first 
generation devices not requiring revision. 

Third generation—Successful field application of pro- 
duction components, modules, etc.,incorporating changes 
or improvements found to be necessary or desirable by 
field application of second generation units. 

To be considered as a successive generation, equip- 
ment must utilize essentially the same circuit design, com- 
ponents, and layout as the previous generation. For 
instance, the following design or circuit improvements 
are not considered as successive generations: the transi- 
tion from vacuum tube to semiconductor design, from 
standard cell reference to Zener diode reference, from 
capacitor coupling to diode coupling, and from point- 
to-point wiring to etched or printed circuitry. 


Reliabiltiy depends on system configuration 


In determining system configuration for maximum 
reliability of safety monitoring and continuity of 
process operation, system functions are separated 
into: 

1) Primary functions like high-limit and low-limit 
functions that protect the process, and 
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2) Secondary functions like approach-to-trip and 
visual readout of process parameters that are used 
for process operating information. 

Then the specifications must call for an equip- 
ment arrangement such that the secondary functions 
cannot interfere with the primary functions. In a 
continuous monitoring system, function isolation 
can be accomplished by a buffer module, for instance, 
separating an approach trip module from a data 
logger (see Figure 3, Part I, December 1960). 


Continuous monitoring systems 


When the transducer’s proven reliability is sev- 
eral orders of magnitude greater than that of the 
electronic monitoring equipment, and when ade- 
quate power is available from the transducer, a single 
transducer feeding parallel redundant monitoring 
modules should be considered, Figure 1A. Here, 
actuation of the series trip circuit initiates a process 
shutdown sequence. <A false trip due to failsafe 
failure of one redundant channel is prevented be 
cause the normally energized relay coils hold the 
parallel set of relay contacts closed. 

For a true process alarm or transducer failure, the 
relay associated with each monitoring channel will 
de-energize and its contacts will open. Then, since 
both parallel contact sets are open, the series trip 
cicuit becomes operative. However, if one channel 
fails safe its corresponding set of contacts opens but 
the other contacts remain closed, thereby not initiat- 
ing a scram. Any noncoincidence between channels 
as detected by the comparator operates a trouble 
annunciator. ‘The redundant channels must be 
highly failsafe, for otherwise, if one channel is inop- 
erative due to a non-failsafe failure, an unsafe process 
condition will not result in a trip. 

When transducer reliability and monitoring equip- 
ment reliability are about the same and process opera- 
tion demands extreme 
over-all system reliability, 
a completely redundant 
system must be consid 


Triple redundancy—two out of three channel trips 
required to produce a safety trip—allows any one 
of three channels to fail safe or unsafe without 
jeopardizing or affecting either process safety or con 
tinuity. By good equipment design, it is extremely 
improbable that two non-failsafe or failsafe failures 
will occur at the same time. However, while a triple 
redundant configuration is beneficial for highly reli 
able small systems that must always operate safely 
such as for reactor flux level monitoring, it ap 
proaches economic impossibility for large continuous 
monitoring systems. 


Data sampling systems 


Data sampling systems—discontinuous in opera 
tion—can achieve all the required process monitoring 
functions plus additional ones at equal or less cost 
than a continuous system—provided the number of 
monitored points is large. Data sampling monitors 
offer a much higher degree of inherent safety mon- 
itoring reliability than do continuous systems by em- 
phasizing self-test logic rather than failsafe design. 
Furthermore, almost all the advantages of a contin- 
uous system’s dual-transducer-circuit redundant con- 
figuration can be obtained by the proper functional 
design of a single transducer data acquisition system; 
and the reliability of a continuous triple redundant 
system can be almost obtained from a dual-tranducer- 
circuit data acquisition system. Most additional 
logical steps insuring reliability are the same in either 
the single or dual transducer configuration of the 
data acquisition system. 

The logical steps are essentially an automatic test 
program incorporated as part of the monitoring sys 
tem. For example, the data acquisition system, 
Figure 2, tests all functions (except the multiplexer 
as often as required by injecting two consecutive 
standard signals of different magnitudes into the data 
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ered, Figure 1B. Here, the 
transducers and the mon- 
itoring circuits are du- 
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FIG. 2. In data sampling systems, avoidance of inadvertent process shutdowns | 
from monitor equipment failure is obtained by a program that tests 
for failures and automatically replaces failed logic elements of the system. 








Reliability by dual subsystems 
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failure mode of the input 
switches. If the switches can 
be guaranteed to fail open cir- 
cuit (which is unlikely), or if 
the failure is due to nonopera- 
tion, a standby redundant 
switch can be connected in 
parallel when the comparator 
detects no signal. The system 
will then operate with the sec- 
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the process will be shut down. 
However, because of the de 








FIG. 3. Probably one of the most reliable arrangements is to use 
two similar subsystems, each scanning the same point and using logic 
on the coincidence or noncoincidence of individual signals. 


normalization stage and injecting a standard pro- 
gram into each comparator. 


Using testing logic 


The first standard signal should be sufficient to 
cause all comparator circuits to trip. The trip signal 
should in turn activate the alarm circuits. These 
circuits are time-delayed flip-flops, with a signal from 
the test programmer resetting the flip-flop before 
the delay period ends. However, if due to some 
malfunction the trip signal does not arrive at the 
comparator, the signal from the programmer causes 
the alarm flip-flop to go into the alarm state. The 
alarm signal in turn can either actuate additional 
testing logic or cause a process shutdown. 

The second standard signal is less than the pro- 
grammed test limit and normally should not cause 
the comparators to signal an alarm condition. If 
any malfunction exists in a functional block, an 
alarm will originate in one or more comparators to 
cause process shutdown or additional logical testing. 

However, since the object is to prevent process 
shutdown due to monitoring equipment failure, 
more than likely the design will call for additional 
logic testing prior to initiating shutdown. When 
the second standard signal does initiate an equip- 
ment alarm for a particular process variable, a second 
over-all test programmer then checks each functional 
block for abnormality. 


Multiplexer logic tests 


The concept of monitoring system self-test is rela- 
tively straightforward because a fixed magnitude sig- 
nal can be injected at the data normalization block. 
However, checking multiplexers is more difficult 
since there is a wide difference in transducer outputs 
monitoring the same process parameter. 

Even so, any one of several logic tests can be 
applied to multiplexer switches to prove their reli- 
ability, the particular test depending on the known 
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vious nature of most multi- 
plexer failures, a more com- 
plete and expensive form of 
multiplexer testing will most 
likely be required to insure 
adequate over-all reliability. The degree of com- 
plexity depends on the known reliability record of 
the multiplexer switch and its associated driving and 
gating circuits. The most complex testing mode is 
that of periodically transferring the multiplexer 
switch (or groups of switches) to a separate test 
circuit to weed out any failed or marginal units in 
a redundant pair. Such a testing program would 
have to be based on the proven fact that a failure 
in the remaining element of the redundant pair 
would be improbable before the next test period. 


Reliability by system redundancy 


The reliability of a single transducer configuration 
data sampling system can be improved considerably 
by employing the scheme shown in Figure 3. Here, 
two almost independent subsystems share the same 
transducers and terminal board. Each subsystem 
incorporates the same self-test logic as for the single 
transducer data acquisition system just described. 
Each independent subsystem scans the same row 
of data in the format from opposite sides. ‘Thus 
each transducer is scanned twice, but at different 
times in the scanning cycle. Such a procedure 
therefore requires remembering the origin of a trip 
signal from each subsystem and comparing it with 
the origin of the signal from the other subsystem. 
The trip-origin storage needed is not too great be- 
cause only one row at a time is checked. 

Coincidence of trips from the.same format point 
initiates process shutdown. A noncoincident trip 
calls for further automatic testing. If the subsystem 
indicating an alarm tests good and the second sub- 
system (not agreeing) tests bad, the true alarm situa- 
tion is verified and an alarm is initiated requiring 
process shutdown. If the opposite is found to be 
true, shutdown is not initiated. This configuration 
has one outstanding feature: a malfunction of one 
system does not require process shutdown, since in 
the event of one complete system failure the process 
may still be monitored by the remaining system. 
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Which Teletype printer is best for you? 


Which of these Teletype Model 28 page printers is best 
for your message and data communications needs? Each 
will perform the basic function of all Teletype equipment — 
to flash information over long or short distances. But in 
addition, each has varying capabilities to meet the require- 
ments of the individual user: 

Send-receive page printer in console—probably 
™eletype’s most familiar product; for sending as well as 
receiving page copy. 

Receive-only page printer in console—the same 
machine, but without a keyboard. For use where informa- 
tion need only be received, not sent. No operator is required. 
Table model—with or without keyboard .. . similar 
model available for rack mounting. 


Combination set—a complete message center in one 


compact cabinet. In addition to page printer and keyboard, 
it contains facilities for preparing punched tape and for 
transmitting and receiving via tape. 


All of these Teletype Model 28 page printers feature 
the Stunt Box, a built-in “\programming’”’ mechanism that 
will inexpensively handle a wide variety of remote control 
and switching tasks such as automatic station selection. All 
models can be supplied with sprocket-feed and tabulating 
mechanisms for use with multi-copy business forms. All are 
available, too, in a choice of colors to match office decor. 


Teletype Corporation manufactures this equipment 
for the Bell System and others who require the utmost 
reliability from their data communications. Teletype equip- 
ment can be used with Data-Phone and other communica- 
tions services. 


TES LES TYPE 


CORPORATION -° 


sussioiary or Western Electric Company nc. 


Free Model 28 Line folder. Write Dept. 21-B, 
5555 Touhy Avenue, Skokie, Illinois 


Tape Reader and 
Typing Tape Punch 


Send-Receive 
Page Printer 


Automatic Send- 
Receive Set 
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What Industry Thinks of | 
Fire-Resistant Fluids 


STEPHEN S. LIVERS 
Control Engineering 


New fluids for industrial hydraulic systems 

that are less dangerous when exposed to 
common fire hazards have received increased 
interest—and application—in recent years. 

But problems—such as cost and component 
compatibility—complicate their use. To find 
out what these problems are, how these 
fire-resistant fluids have been applied, and why 
they’re worth the trouble, Control Engineering 
surveyed experts in the hydraulics field 

and at insurance companies. This first 
comprehensive report on the subject gives 

the results of the survey. 


The ruined aluminum extruding plant shown on the 
opposite page was devastated by fire—a fire spread by 
flammable hydraulic fluid used in the plant’s machinery. 
This loss could have been substantially reduced if the 
factory’s hydraulic system-equipped machinery had used 
a fire-resistant fluid. Why have these fluids not been 
applied everywhere there is a fire hazard; and on the 
other hand, why have manufacturers with large invest- 
ments in other fire safety measures—sprinklers, plant 


fire departments, etc.—taken the extra step of using 
these more troublesome fluids? In order to find the 
answers to these questions—and others—Conrtro. EN- 
GINEERING editors and McGraw-Hill Newsmen surveyed 
expert fluid makers, system designers, machinery build- 
ers, machinery users, and fire insurance underwriters. 


Fluid properties 

Manufacturers of hydraulic fluids wax enthusiastic 
over the virtues of their fire-resistant products and tend 
to downgrade the importance of the fluids’ shortcom- 
ings. Hydraulic system and machinery builders take the 
opposite tack: they seize upon the serious weaknesses 
of fire-resistant fluids and accept their strong points with 
the grudging praise that, after all, they're still not as 
good as petroleum-base types. In general they passively 
resist work with the fire-resistant systems because it’s 
more trouble and they often honestly believe that fire 
safety can be obtained by other measures. They insist 
that fires shouldn’t be blamed on the fluids. But many 
users have learned to live with the new fluids. If they 
or their insurance companies feel the added protection 
of the less hazardous fluids is needed, the users are 
willing to put up with them. Specifically, here’s how 
opinion breaks down on the more salient factors. 

¢ Flammability—The most important feature of fire- 
resistant fluids is happily not obscured by controversy. 
There is no disagreement that water-glycols (see table, 
p. 118) are the least flammable. Next, it is agreed, are 
the phosphate esters (most widely used of the straight 
synthetics). The difference between these two is not 
great, but it is distinct. Far down the scale of fire safety 
are the oil and water emulsions. Standard petroleum- 
base oils are at the bottom of the list, separated on the 
flammability scale from the emulsions by almost as 
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An aluminum extruding 


much as are the latter from the phosphate esters. It 
should be noted that none of the fire-resistant fluids is 
fire safe or nonflammable. In fact some experts prefer 
the term less hazardous. ‘These measures of fire safety 


include not only determination of standard flash and 
fire points and autoignition temperatures but also the 
especially applicable condition of rupture of high pres- 
sure fluid lines. In this case finely atomized fluid is 
sprayed onto a hot surface or into an open flame, a 
situation that has caused many fires. 

¢ Viscosity—The fire-resistant fluids are available in 
a range of viscosity grades to meet user needs. 

¢ Oxidation and deposit formation—Here the fire- 
resistant types are probably better than those made of 
petroleum, although the emulsions, since they contain 
oil, are not so resistant to oxidation as the other two 
types. At the end of three and a half years’ use by 
Pratt & Whitney Aircraft Div. of United Aircraft Corp., 
as reported by Clifford Hayden of the plant’s Maste 
Mechanic’s office, very good service was obtained from 
both water-glycols and phosphate esters. For the latter 
P&WA has found only trace amounts of sediments 
with hardly even a change of color. The water-glycols 
have been no problem on this score at all. 

* Lubricity—The phosphate esters have a lubricity 
that closely approaches that of mineral oil, and this 
accounts partially for their more widespread use over 
the water-base types. The emulsions are not so good as 
either of these. But P&W4A’s Hayden has had no fail- 
ures on any of his 38 machines, 17 of which use water- 
glycol fluid. Even so, experts at four hydraulic system 
manufacturers favored phosphate ester fluids for their 
edge in this characteristic. These were Ellis Born, man- 
ager of engineering for Denison Engineering Div. of 
American Brake Shoe Co.; Walter Kudlaty, chief design 
engineer of Flick-Reedy Corp.; Martin Englebretson, 
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plant, completely destroyed by a fire spread by non-fire-resistant fluid. 


ihe Oilgear Corp.; and Robert Rynders, Racine [1 
draulics and Machinery Co., who is also chairman of th¢ 
fluids group of the National Fluid Power Association 
Also in agreement on this was Leonard Lindner, chicf 
engineer of Hydraulic Press Manufacturing Co. 

¢ Demulsibility—There have been few problems 
ported along this line. 

¢ Foaming resistance—Any problems that arise duc 
to foaming can be solved by the addition of antifoaming 
agents by either the fluid manufacturer or the user. This 
is the same situation as for mineral oils. 

¢ Compatibility—This seems to be the biggest buga 
boo in the fluids picture. As John Kirkman of Pratt & 
Whitney Aircraft’s Health and Safety Section put it, 
most of these fluids are “darn good paint removers”. In 
addition, some of the fire-resistant fluids are not compati 
ble with a host of standard seals, packings, and othe 
components developed for petroleum fluids. In some 
cases these limitations have been enough to discourage a 
potential user from using these fluids at all. 

lor instance, the New Britain-Gridley Div. of New 
Britain Machine Co. has received several specifications 
from its customers that requested that machines b« 
equipped with a hydraulic system designed around a 
fire-resistant fluid. So far New Britain has been able to 
keep its customers happy without building any such 
machines. Paul Kuzmak, manager of New Britain’s 
Machine Design Dept. cites the compatibility problem 
as the primary deterrent. Kuzmak recalled that within 
the past year, in order to try to meet a customer speci 
fication, he attempted to find a paint manufacturer who 
would guarantee that his product would be impervious 
to all types of fire-resistant fluids. Some offered such 
performance but would not stand behind it with a 
guarantee. Kuzmak’s problem: since he can’t be sure 
just how his machines will be used, he hesitates building 





a machine that can be used with only one type of fluid. 
And since different manufacturer’s fluids often vary 
within the same fluid type, he might even find himself 
specifying one brand of fluid—something he refuses 
to do. 

So far Kuzmak has been able to defer getting involved 
with these fluids since New Britain’s machines—metal 
cutting equipment—do not have the inherent fire hazard 
of other machinery, such as hot formers, automatic 
welders, etc. But when users become insistent on more 
widespread fire protection—and this seems to be the 
trend—he’s going to need help from fluid and com- 
ponent manufacturers if he’s to stick to his “universal” 
fluid requirement. 

On an individual fluid basis, though, there are paints 
and components to fit all requirements. According to 
E. F. Houghton & Co.’s manager of lubrication sales, 
William Eismann, here is a rundown of compatible 
products for each type of fluid based on the assumption 
that all brands of each type can be considered similar. 
Emulsions: Generally compatible with all seals, pack- 
ings, etc. that are usable with straight oils. Require spe- 
cial paints. 
Phosphate esters: Attack most paints: epoxy resin paint 
is generally resistant; no paint at all is best answer. 
Require special seals, usually butyl rubber. 
Water-glycols: Some paint needs as for phosphate esters. 
Compatible with most rubber seals and packings, less 
so with leather, and no good at all with cork. Cannot 
use diatomaceous earth filters. Are not compatible with 
zinc or cadmium; aluminum usually must be anodized. 

¢ Compressibility—While Jack Russ of Union Carbide 
Chemicals Corp. asserts that the water-glycol fluid, 
his company’s product, has as good a characteristic for 
compressibility as any fire-resistant type, Lewis S. Stone 
of Monsanto Chemical Co. claims that compressibility 
effects are nil with Monsanto’s synthetics. Among the 
users, Denison’s Born favors the phosphate esters for 
their freedom from these effects; P&WA’s Hayden has 
had no trouble on this score with either fluid. 

¢ System pressures—In general the hydraulic system 
designers place no limitations on their systems when the 
fire-resistant fluids are used. Full warranty is given by 
Denison when phosphate ester fluids are used, and 
standard pressures can be used in low pressure units 
(up to 1,000 psi) and in some intermediate pressure 





TYPES OF FIRE-RESISTANT FLUIDS 


SYNTHETICS 
Phosphate esters—Most widely used 
Halogenated hydrocarbons (usually 
chlorine compounds)—Not yet widely used 
Mixtures of the above two—Very limited use 


WATER BASE FLUIDS 
Water-glycols—Next most popular to phosphate esters 


WATER-OIL . EMULSIONS 
Oil in water—Water supplies main fire resistance 
Water in oil—Newly developed for low cost 
applications such as coal mining. Generally not 
included in references to emulsions in text 





units (1,000-2,500 psi). Pressures must be limited in 
some of Denison’s vane-type equipment. Oilgear finds 
that its systems can operate at up to 2,500 psi with fire- 
resistant fluids. Flick-Reedy places no limitation on sys- 
tem pressures. Racine allows identical pressures to be 
used with petroleum and less hazardous fluids as long 
as seals meet the latter’s requirements. 

¢ Toxicity and odor—It seems that most fears of 
serious effects in this area are virtually groundless. Pratt 
& Whitney Aircraft’s experience and practice with two 
fluids seem worth covering. According to safety man 
Kirkman, the fluids are rough on the eyes and irritate 
the skin. They are also unpleasant to inhale, so P&WA 
uses plenty of ventilation during handling. Hayden 
believes the phosphate esters slightly more toxic, but 
there have been no serious problems since protective 
items like goggles, aprons, and hand creams are used in 
fluid handling. A big factor is that the same crews, 
experienced in handling the fluids, are always used. 

¢ Price—Emulsion fluids at $1.25/gal are about twice 
as expensive as petroleum ($0.50/gal). Water-glycol 
fluids are almost four times as expensive as standard 
fluids, selling for about $2.25/gal. Phosphate esters 
command the highest price: $3.25-3.50/gal. Pratt & 
Whitney Aircraft changed some of its complement of 
fire-resistant fluid-equipped machines to water-glycol in 
part because it could save $1.40 a gallon; the additional 
fire protection was the other factor in the conversion. 
But with either fluid P&WA is careful not to waste a 
drop in handling: and it reclaims the fluid on_ its 
own equipment when it must be drained. Monsanto, 
while it notes the initial higher price of the synthetics, 
claims that the fluids’ inherent stability makes their 
use economical. 


What's the magnitude of the effort? 


In the hydraulics industry only the fluid manufac- 
turers are pushing the use of the fire-resistant fluids. 
The system and component builders and the machinery 
makers would rather not be bothered. Makers of only 
fire-resistant fluids, like Monsanto and Union Carbide, 
are naturally the biggest boosters, but both sell good 
maintenance, too. Carbide points out the safety advan- 
tage to be had through good maintenance—possibly 
reducing the quantity of the more expensive fluid used if 
it is adopted. Houghton, which makes petroleum fluids 
along with all fire-resistant types, as well as compatible 
seals and packings, also stresses good housekeeping. 

Fire-resistant fluids are still not used in great quan- 
tities, considering the sales efforts of the fluid makers 
and the urging of insurance firms, labor groups, etc. 
Monsanto estimates the total use by industry of all 
types amounts to only 3 percent of total fluid consump- 
tion. Houghton figures its fire-resistant fluid sales 
at about 75 percent of its hydraulic fluid total, but the 
firm does not make any very inexpensive fluids so it does 
not have a full line on which to base its figures. 

Industries that have been the quickest to apply the 
less hazardous fluids are ones in which there are inher- 
ent fire hazards, as contrasted with the attendant hazard 
of outside sources of ignition coming in contact with 
open pools of leaked fluid. The latter situation prevails 
in the metal cutting field, where simple housekeeping 
and good maintenance can eliminate many hazards. 
Also in metal cutting, pressures are not usually great 
enough to yield the risky atomized spray that results 
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from a ruptured line in a high pressure machine. For 
this reason Warner & Swasey Co. sees no need to 
manufacture its machines with fire-resistant systems. 
But hot metal molding, die casting, and automatic 
welding machine users have been among the first to use 
the fire resistant fluids. For example, 59.3 percent of 
the companies surveyed by Precision Metal Molding 
magazine in 1959 used fire-resistant fluids, though not 
necessarily exclusively. 

The hydraulic system designers have responded to 
the development of the new fluids (and the fluid com- 
panies are continuing in this development—enough to 
keep the component makers quite active) with develop- 
ment programs of varying size. With sales for fire- 
resistant fluid systems an important part of his com- 
pany’s total volume, Richard Leslie of Vickers, Inc., 
describes the development of systems and components 
for these fluids as accounting for “‘a great deal” of the 
firm’s total effort. At Denison, where the estimates in- 
clude defense sales and development figures, the next 
year is expected to show systems for fire-resistant fluids 
accounting for about one-fourth of total sales; approxi- 
mately one-half of the company’s R & D is now ab- 
sorbed in work with these systems. Systems designed 
for the less hazardous fluids are not yet a large part of 
Racine’s sales. In the past six to eight years development 
work on these systems at Racine has accounted for about 
10 percent of total R & D investment. Flick-Reedy 
makes only components, not systems, and many of these 
components can be used equally well with any type of 
fluid. Therefore the company’s development effort for 
fire-resistant fluid components has been modest. 

Among the big users of the fire-resistant fluids are 
automotive and aircraft industry manufacturers who 
include among their operations hot metal forming, 
automatic welding, die casting, and other potentially 
hazardous setups. Also these companies are big firms, 
and these tend to be the first users. Both the Ford 
Motor Co. and General Motors Corp. make it a prac- 
tice to specify fire-resistant fluid systems on hydraulic 
machines when the equipment is to be used in or near 
hazardous environments, such as close to furnaces, ovens, 
heat treating operations, etc. All die casting, injection 
molding, and many welding machines are specified this 
way. Pratt & Whitney Aircraft has converted to fire- 
resistant fluids all presses, lift trucks, etc. that operate 
near heat treating equipment. Equipment near other 
sources of ignition, like motors with exposed brushes 
or where there is danger of short circuits, are recom- 
mended by Carbide’s Russ as good applications. 


Converting older systems 


Pratt & Whitney Aircraft estimates that it took 
about 50 hours to convert one of its 50-ton presses to 
fire-resistant fluid; a 3,000-ton press took about 250 
hours. Included in this chore was draining and clean- 
ing the equipment and removing the paint; seals and 
packings were changed. ‘The reconversion to water- 
glycols from phosphate esters took only three or four 
hours. P&WA did not again change packings. Hough- 
ton advises that in the original conversion static seals 
usually do not have to be changed until a need arises 
for a complete teardown; but dynamic seals must be 
converted. Ford and GM do not call the conversion 
dificult but note that care must be taken to clean the 
system thoroughly and change all necessary seals. 
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Denison, however, calls field conversion very difficult, 
and Oilgear, Flick-Reedy, and Racine agree. 


The payoff—the insurance companies’ stand 


Just how good are the less hazardous fluids in pre- 
venting or at least reducing the severity of industrial 
fires? Insurance companies’ records show strong justi- 
fication for undergoing the difficulties in applying these 
fluids that are described above. Jack Barritt, engineer 
for the Factory Insurance Association, reveals that his 
group has experienced no really bad losses from hy- 
draulic fires since 1954. Though he quotes no current 
specific loss figures, he is aware that there have been 
some fires, however. He recalls one insured company 
which had a large fire as the result of the use of non- 
fire-resistant fluids; the total loss was $30,000. The FIA 
recommended that the insured convert to the less haz- 
ardous type. A similar failure occurred again; there was 
no fire, and the total loss was $2,000. It should be noted, 
however, that FIA-insured companies are among the 
biggest industrial firms. These companies tend to be 
very “fire conscious”; and since they must qualify for 
FIA’s insurance (only preferred risks), they have sprink- 
ler protection and plant fire departments and use other 
advanced fire protection systems. The experience cited 
above and others have shown that fire-resistant fluids 
are important in preventing fire losses and interruptions 
in production. Failure to use a fire-resistant fluid is 
sufficient cause in itself for FIA’s recommending auto- 
matic sprinkler protection for an area, whether other 
combustibles are present or not. 

The FIA’s counterpart among the mutual companies 
(FIA is an association of stock insurance companies) 1s 
the Associated Factory Mutual Insurance Companies 
(made up of mutual firms). The Factory Mutuals 
organization maintains an Engineering Div. with a $7 
million annual budget and 840 personnel. This divi- 
sion conducts what is probably the largest independent 
test program on fire-resistant fluids. It has tested and 
approved 19 phosphate ester and water-glycol fluids and, 
since Underwriters’ Laboratories has so far listed only 
one fire-resistant fluid, the Factory Mutuals’ results 
represent the best independent information available. 

According to a loss analysis made for this survey by 
G. C. Koth, chief special hazards engineer in the 
association’s Standards-Laboratories Dept., the number 
of claims, in relation to the amount of insurance in 
force, has definitely decreased since the less hazardous 
fluids have been in use. Several factors, however, 
make it impossible to provide firm statistics. Also, 
Koth could quote no statistics to indicate a general 
decrease in the size of average insurance claims. But 
he revealed that no single incident involving a less 
hazardous fluid has created a loss exceeding four figures; 
and several fires involving mineral oil have run into 
six figures. Over the past six years the association has 
had 16 times as many claims and the average loss was 
10 times as great where mineral oils were used. And 
there has never been a loss of life in a fire reported to the 
association involving less hazardous fluids. 

The insuring policy of the organization allows oper- 
ation without automatic sprinklers if Factory Mutual 
approved fluid is used in a building of noncombustible 
construction with no combustibles in it. Under similar 
conditions, installations using mineral oil or water-oil 
emulsions require sprinkler protection. 
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SCOTCH® BRAND MAGNETIC INSTRUMENTATION TAPES 
OFFER A RIGHT TAPE FOR EVERY APPLICATION 


Knowledgeable tape users realize that magnetic tapes are 
not all alike—that it takes specifie constructions to meet 
the needs of specific applications. And they’ve learned to 
rely on “Scorcn” BRAND to supply the one right tape for 
each application. Not only does “Scorcn” BRAND offer a 
complete line, it offers that something extra that makes all 
the difference in performance—the uniformity and reli- 
ability that result from 3M’s experience, technical skill, 
and continuing research. Make the “Scorcn” BRAND label 
your guide in buying instrumentation tapes. Your 3M 
Representative is close at hand in all major cities—a con- 
venient source of supply and information. For details, 
consult him or write Magnetic Products Division, 3M Co., 


St. Paul 6, Minnesota. © 1961, 3M Company 
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The wide “Scotcu” BRanp line provides many tapes, including these 
broad classifications: 

SANDWICH TAPES 188 and 189—exclusive with ‘““Scotcn” BRAND, of- 
fering 10 times the wear of standard tapes, drastic reductions in head 
wear, elimination of oxide rub-off. In standard or extra-play lengths. 
HIGH RESOLUTION TAPES 158 and 159— offering superior resolution in 
high frequencies, greater pulse density in digital recording. In stand- 
ard and extra-play lengths. 

HEAVY DUTY TAPES 198 and 199—offering exceptional life, good 
resolution, high resistance to temperature and humidity, reduction 
in the build-up of static charge. In standard and extra-play lengths 
HIGH OUTPUT TAPE 128—offering top output in low frequencies 
Performs well even in temperature extremes. 

STANDARD TAPES 108 and 109—offering the good all-round per- 
formance at low relative cost which has made them the standards 
of the instrumentation field. 
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“ScoTcH” and the Plaid Design are registered trademarks of 3M Company, St. Paul 6, Minnesota. Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario. 
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A Systematic Charting Method for .. . 
Verifying Relay 
Control Circuits 


THE GIST: In recent years the application of logical methods, such as switch- 
ing algebra, has helped speed design of multirelay control circuits. Checking 
techniques, however, have not enjoyed equivalent progress. So searching 
for flaws in a new circuit is still mostly a matter of some “hard looking” then 
testing a prototype. To put the “looking” phase on a more systematic basis, 
a charting technique has been developed that logically analyzes the infor- 
mation depicted on a circuit diagram. The method yields a statement of 
the operations performed by every relay in the system, which can be veri- 
fied against the original specifications. 


JULIUS WOLFF 
The Martin Co., Baltimore Div. 


The main difficulty faced by a control engineer 
seeking to analyze a relay control circuit is that to 
determine the effect of a single relay action, he must 
krow the state of all other relays in the circuit. 
This is no easy task when many relays are present, 
since the state of the entire system changes after 
each event. There is, however, a systematic method 
for checking multirelay circuits regardless of the 
number of relays in them. The method provides 
the designer with a time sequence of relay events 
and eliminates most of the possibilities for error 
inherent in unorganized approaches to circuit veri 
fication. The technique is best described with refer- 
ence to a specific circuit—in this case the firing 
sequencer for the first stage of a Vanguard rocket. 

The Vanguard vehicle uses a GE engine that 
develops 28,000 Ib of thrust in its first stage. The 
function of the firing sequencer is to make sure 
that the engine’s combustion process takes place in 
an orderly fashion. The circuit, which is shown 
schematically in Figure 1 (next page), contains 24 
relays, five miniature limit switches, and three fuse 
contacts. ‘The sequencer consists of two parts: one 
is located on the ground and the second is airborne. 
The ground sequencer initiates a function in the 
rocket engine; and when this function is completed 
properly, the airborne sequencer dispatches a feed- 
back signal which illuminates a light for ground crew 
observation and triggers the ground sequencer to 
start the next function. If a malfunction occurs, a 
cutoff relay shuts down the engine. 
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With reference to the figure, energizing the fuel- 
main-valve-open solenoid allows fuel to flow into 
the combustion chamber. As it opens, this valve 
mechanically actuates two fuel main valve limit 
switches. A similar sequence is followed by the 
HO, main valve open solenoid and the H2O2 main 
valve limit switches to regulate the flow of hydrogen 
peroxide to the roll jets for roll control. 

To open the LOX main valve to permit liquid 
oxygen to enter the combustion chamber, both LOX 
main valve No. | solenoid and LOX main valve 
No. 2 solenoid must be energized. Energizing the 
No. | solenoid releases the force holding the LOX 
main valve closed. Energizing the No. 2 solenoid 
actually opens the LOX main valve. As it opens, 
the valve trips the LOX main valve limit switch. 

Combustion is started by means of the igniter, 
which incandesces and touches off the primer fuel, 
which is ethane. At the same time, the igniter 
melts the ignition indicator fuse contact. When 
fuel and liquid oxygen enter the combustion area, 
chamber pressure builds up rapidly. At a predeter- 
mined pressure the burp board blows out, breaking 
the combustion indicator fuse contact. 

The first step in the analysis is to prepare a list 
showing each circuit element and what must occur 
to cause it to operate. This list, for example, indi- 
cates the conditions under which a particular relay 
is energized or a fuse contact is broken. The follow- 
ing is a sample of a portion of the table as it would 
be written for the circuit of the figure. 

Conditions for Relay Energization 


ACI ~ 28 vde » Comb Ind 
AF VO ~ 28 vde « Fuel MV Open 





All ~ 28 vde « ALVC « Ign Ind contact breaks. The igniter receives current during 
A PVC ~ 28 vde + H:0: MV Open Sol the sequencing action. This, in turn, melts the 
as co Bl pert yeaa iat ignition indicator fuse. 
CD ~ 28 vde « GS mn ae P . on 
CI ~ 28 vde * GS * (CI VI) + ACI _ The list is prepared in alphabetical order. The 
The key to the evmboliem used in the table is as follows: information for preparing the list is obtained directly 
ALVC = relay ALVC energized from the schematic drawing. The second step in 
ALVC = relay ALVC deenergized ; the analysis is to prepare a list as shown in Table I. 
Ign Ind ignition indicator fuse contact intact This is prepared from the aforementioned list and 


wm he a sone fuse contact broken contains essentially the same information but in 


Fire Switch = switch is open different form. With a little practice, Table I can 
a ee eee be prepared directly from the schematic drawing 
y —_ without the need for making a detailed listing first. 
The relays are tabulated alphabetically in the left- 
For example, CI ~ 28 vc» GS* (CI VI) *ACI hand column. The conditions for energizing a par- 
is read: relay CI is energized if the 28-vdc supply is __ ticular relay are written in the horizontal row as- 
turned on and relay GS is energized and (relay CI signed to it. For example, the CI row contains 
is energized or relay I is deenergized) and if relay —_ the numbers 1, 2, 3, 3, 4. This means that to ener- 
ACI is energized. The appearance of CI on both _ gize relay CI, the conditions numbered 1 through 
sides of the ~ symbol merely means it can latch 4 must be fulfilled as a combination of either 1, 2, 
itself in. Again, APVC ~ 28 vde * HsO. MV _ 3, 40r], 2, 3,4. In equation 5 these conditions 
Open Sol is read: relay APVC is energized if the may be stated as CI ~ 1*2* (3 V 3) *4= CI 
28-vde supply is turned on and the HeO2. main W~ 28 yde+GS+ (CI VI) « a 
valve open solenoid is deenergized. By deenergiz- 
ing the H,O2 main valve open solenoid, the H2O2 
main valve closes, closing the H2O2 main valve limit means the relay appearing in the column above it 
switch contacts and energizing relay APVC. The must be deenergized. 
statement Ign Ind ~ Igniter is read: the ignition As another example, consider relay I. The row 
indicator fuse contact breaks if the igniter fuse in Table I pertaining to this relay contains the 


A number means 
that the ay appearing in the column above it 
must be energized; a number with a bar above it 
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Schematic diagram of relay circuit for controlling the 
firing sequence of a Vanguard rocket motor. 


CONTROL ENGINEERING 

































































| 





+ Bis 


= —— —EE | 
igs 
BS 





+ 


‘. 





— Se | tH —- 





— 


i SS a SB 


















































| 





T 
_ 


| 


= an 


eis 


‘htt SR 
he ont ED 


ae 2 
ee 











piouajOs 2 ON 
GAjOA WIDOW XO7 





L 


———_}+— —— ——— 


| 
| 
| 

— 
' 





PiousjOs | “ON 
BAjOA UIDW xO) 





T 
| 


| 


i 








J 
] 
| 


— 


—>—_-+>+—_—_>——_++- 


voi,iub] 








Jayiuby 





+ 


Piouajos uado 
@AJOA UiOW 202, 





OAd 


4 





piouajos uado 
@A}OA YiOW jany 











—— 


EE 


——+—_}—_}__} — 























v 












































oa ee 
| 


ee RE ee 


+ 
i 
4 











>—-++-—_}—_ + 





















































| 
| 
—= —~ 
| 
| 
c > : 
4} —___ 
| 
| 


- | | 
—__—4___}___ 


NITINd AV13Y YO4 SNOILIGNOD-I 318VL 








ott. 


Q 

















numbers 1 to 10. There are two ways to fulfill 


conditions 1 to 10. One method is: 1, 2, 3, 4, 5, 6, 

8, 9, 10. Observing the relays in the column 
above each number, this condition reads: I ~ 28 
vde > GS * CO + FVO + II + PVC > PVO: CI 
II-P * OF. Another method is: 1, 2, 3, 4-10. This 
condition reads: I ~ 28 vde* GS * CO +I. Here 
relay I has “latched” itself in and thus, singly, has 
the same effect on the circuit as have conditions 4 
through 10 in combination. 

The third step gives the desired result, a time 
sequence of events. This is determined with the 
aid of Table I only. The schematic need no longer 
be consulted; no memory is required. In the time 
sequence chart, Table II, the components are tabu- 
lated alphabetically in the left-hand column in their 
initial conditions. These initial conditions depend, 
of course, upon the point in the cycle at which the 
analysis is begun. Here all relays are deenergized, 
fuse contacts are intact, and valve solenoids are 
deenergized. 

The remaining vertical columns are in this case 
numbered 1 to 31, each column corresponding to 
an event in the cycle of operations. The energiza- 


tion or deenergization of a relay is called an occur- 
rence; each occurrence is a consequence of a pre- 
The first event written in column 1 
is generally a manual operation, and in this appli- 
cation, it is the turning on of the 28-vde supply. 
By referring to the column in Table I headed 28- 
vde Supply, the possible succeeding occurrences are 


vious event. 


determined. For this example the initial event sets 


up every other occurrence except Comb Ind, fire 
switch, and Ign Ind. 

Each possible occurrence is taken up, one at a 
time. Beginning with ACI in the tabulation on 
the left of Table I, it is noted that ACI is energized 
as soon as the 28-vde supply is switched on, if the 
combustion indicator fuse is intact. The columns 
to the left of event 2 or column 2 are now examined 
to show that the combustion indicator fuse is indeed 
intact. Therefore, ACI becomes energized and this 
fact is recorded in column 2. Next, consider relay 
AFVO in Table I. Relay AFVO is energized after 
the 28-vde supply is activated if the fuel main valve 
open solenoid is energized. But Table II indicates 
that the fuel main valve open solenoid is actually 
deenergized. ‘Therefore, relay AFVO remains in its 
original state and the next possibility is considered. 

Continuing in this fashion, it is found that relays 
ACI, ALVC, and APVC become energized. These 
constitute the second event and are recorded in 
column 2 of Table II. 

The consequences of each occurrence in event 2 
are now considered. For example, by examining the 
column in Table I headed ALVC, the possible 
succeeding occurrences are seen to be AII and II. 

To investigate these relays one at a time, first 
study the row marked AII in Table I, which specifies 


that AII ~ 1+ 2 28 vde * ALVC » Ign Ind. 
From the columns to the left of event 3, which is 
presently under consideration, it is apparent that 
these conditions have been fulfilled and relay AII be- 
comes energized. This is noted in column 3. 

Table I also reveals the conditions for energizing 
relay II. From Table II, however, it is evident these 
conditions are not fulfilled (e.g., relay GS must be 
energized but it is not); therefore, relay IJ remains 
deenergized. No entry is made in column 3 at this 
time, because only changes in state are recorded. 
After similarly investigating the other possible re- 
sults of event 2 (energization of relays ACI and 
APVC), it is found that energizing AII is the only 
consequence and constitutes the entire event 3. 

Proceeding in like manner, all events are deter 
mined, The scheme of the present analysis should 
now be clear. Table II holds the memory. The 
state of the system prior to any particular event 
(point in time) is duly recorded in the columns 
before that event. The possible consequences of 
the events immediately —s the one being con- 
sidered are listed in Table I. Here are found the 
conditions necessary for each possible occurrence. 
Whether these conditions do, in fact, exist is found 
from Table II. If agreement exists, this possible 
consequence occurs; otherwise it does not. 


Sequencing action 


The completed Table II presents a full picture 
of the sequence of operations followed by the circuit 
of the figure. Action is initiated by turning on the 

28-vde supply, after which relays ACI through All 
are energized. At this point, the action stops. Then 
the fire switch is thrown and the sequence of control 
resumes. After relays GS through FVO are ener- 
gized, electrical sequencing stops again. However, 
combustion is taking place in the fire chamber. 
When the pressure is high enough, the burp board 
is blown out and the combustion indicator contact is 
broken. The sequence of energization then proceeds 
to relay PLO, after which liftoff occurs. 

If a malfunction occurs during the combustion 
process cutoff relay CO becomes deenergized and 
shuts down the rocket engine. The state of relay 
CO during the sequencing action is shown at the 
bottom of Table II. It is energized when the fire 
switch is thrown and must stay energized throughout 
the sequencing. Time delay relays allow a prescribed 
amount of time for each part of the combustion 
process. 

After a little practice, the control engineer should 
find this charting technique invaluable in verifying 
the cycle of operation of a new relay circuit. Be- 
ginning with the schematic diagram, he progresses 
systematically to a full description of each event in 
the cycle. A comparison of this charted description 
against the original requirement indicates positively 
whether or not the circuit design has been set up to 
function correctly. 
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Now RCA Offers TWO Memory Cores for 
Impulse Switching to 0.2 Microsecond 


New RCA memory core XF4930 joins the RCA 400M1 in adding new flex- 
ibility to memory system design. Specifically developed for operation under 
impulse switching conditions in magnetic memory systems, XF4930 switches 
in 0.25 microsecond and provides excellent discrimination at relatively low 
driving currents. 

The larger size of the XF4930, providing more than twice the effective 
aperture size of the RCA 400M1, permits simpler and more economical fabri- 
cation of memory planes. 

Systems Engineering Service: Your local RCA field representative is pre- 
pared to furnish a completely coordinated application service, covering tran- 
sistors and other semiconductor devices, ferrites, and memory systems. Call 
him today. 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 
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Here’s a quick look at some of the 
principal problems of data trans- 
mission that affect transmission 
equipment, followed by a survey 
of the available equipment for use 
with leased wire lines and toll ex- 
change networks. Two tables clas- 
sify the equipment of 13 manu- 
facturers according to modulation 
technique, recording medium, er- 
ror check technique, and data rate. 
This survey discusses equipment 
for use with telegraph and voice- 
grade lines only. 


ROBERT F. SHAW, Digitronics Corp. 


Digital data transmission over communication 
circuits is as old as telegraphy, but has undergone 
a tremendously accelerated development recently. 
This continuing growth is so rapid that an official 
of American Telephone and Telegraph Co. recently 
predicted that eventually the volume of data com- 
munication over the telephone networks will equal 
voice communication. 

Figure 1 shows the principal elements of a data 
communication system: solid lines indicate data flow 
and dotted lines indicate control functions. Reading 
or recording of data is done as in other data process- 
ing systems—by paper tape or punched card readers 
and punches, magnetic tape transports, and various 
types of printing devices. The memory shown is 
necessary only if the recording medium operates at 
a data rate appreciably different from that of the 
communication circuit or if a change of coding 
format is necessary. The memory may also be useful 
if there are transmission errors, holding each mes- 
sage for retransmission if an error is detected. 

Unlike the reader or recorder and the memory, 
the other two elements of the system—terminal 
devices and data couplers—are peculiar to data 
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Information 


What’s Available for 
Digital Data Transmission 


transmission. It is convenient to consider the ter- 
minal devices separately from the data couplers 
because there is increasing tendency for the com- 
munication companies to supply the terminal devices 
(to assure compatibility with communication cir- 
cuits and to guarantee minimum error rates by 
limiting data rates). Many manufacturers provide 
data couplers to work with these terminal devices. 


Communication circuits classified by speed 


Data circuits are classified in terms of the rate at 
which data may be transmitted. Until recently all 
data transmission was done on telegraph-grade cir- 
cuits at rates of about 80 bits per sec or less. Paper 
tape equipment has long been used by the Bell Sys- 
tem companies and Western Union, and data com- 
munication using such equipment is still prevalent. 

The first approach to faster data transmission 
involved the multiplexing of several telegraph chan- 
nels on one voice channel, which has several times 
the bandwidth of a telegraph channel. While satis- 
factory in many applications, breaking up a group 
of data into several tapes for simultaneous trans- 
mission is not always convenient. A number of 





Systems 


Communication 
circuit 


sire stiireniiaen 


FIG. 1. Basic elements of one station 
in a data communications system. 


manufacturers have therefore developed terminal 
equipment designed to provide a single high-speed 
channel (1,200 or more bits per sec) on a voice line. 
Concurrently, Bell Telephone Laboratories under- 
took development of its own terminal equipment. 
When the volume of data to be handled is large 


If the facilities are available, faster transmission 
is possible using either wide band (carrier grade) 
lines or microwave links. Such facilities have not 
yet been widely used for commercial data trans- 
mission, however. Telephone (voice-grade) circuits 
are now receiving the most attention because of 
their wide availability and their ability to provide 
much greater data handling capacity than telegraph 
circuits. Much of this discussion will be devoted to 
equipment designed for telephone circuits. 


Check techniques raise reliability 

Error checking has always received serious atten- 
tion in the design of data processing equipment, but 
it is even more important in the design of data com- 
munications equipment. Noise of both the drop-out 
and pick-up variety occurs, and the circuits intro- 
ducing the noise are not under the control of the 


several voice channels can be used simultaneously, 
although this is subject to the same drawbacks as 
the multiplexing of telegraph channels unless the 
multiple channels are used for simultaneous trans- 
mission of the different bits of a single character. 


transmission equipment designer. Many error de- 
tection and correction techniques are used in avail- 
able equipment, including various parity schemes 
and automatic retransmission methods. Also, most 
data transmission equipment is designed to operate 





Data Communication Equipment for Use on Toll Telephone Circuits 


(subject in each case to approval of the common carrier, if any) 





TABLE | 


Equipment Type 


Data 

Rate Remarks 

(bits 
per sec) 


Manufacturer and Model 


Tone generators 
Telegraph terminals 
Complete systems 


and detectors 
Carrier terminals 
Voice line 
transceivers 





Bendix-Pacific Electro-span 


Using wide-band facilities 





Daystrom Technical details not available 





Friden Dual Teledata 14.2 characters per sec on two 


s 1 : ie 





s 7 





1BM 65 & 66 Card transceiver 3 to 5 cards per min on tele- 


graph channels (67 terminal), 
10 to 11 on telephone channel 
(68 terminal). 4 units may 
be multiplexed on telephone 
channel 





Lenkurt Datatel 





Lenkurt Quaternary Up to 3,360 bits per sec on 


selected voice channels 





Lynch B-109 





Moore Monitron Data rate applies to Monitron 


coder and decoder 





RCA 130 Checking by bit-parity coding 


and carrier presence check 





Rixon Sebit-24 





FIG. 2. Friden Dual Teledata termi- 


Stremberg-Carlson $C301 nal. (Photo courtesy Friden, Inc.) 





Systematics Couples IBM 24 or 26 card 


punch to teleprinter circuits 





























unattended in response to remote signals, and many 
include some means of checking for noisy conditions 
on the transmission circuit. 


TYPICAL EQUIPMENT FOR DIGITAL 
DATA TRANSMISSION 


“Terminal equipment” is equipment which trans- 
forms dc-level data signals into signals suitable for 
transmission over communication circuits. “Mark” 
and “space” are communication terms for “one” 
and “zero” (or “pulse” and “no pulse”), respec- 
tively. Most communication circuits presently em- 
ploy the two-level “mark-space” system. A three- 
level system is also possible in which one level 
represents the absence of data and the other two 
are used for mark and space. 

Telegraph circuits (at least the subscriber loop 
connecting the subscriber with the nearest central 
office) are capable of transmitting dc, and in gen- 
eral require no terminal equipment more elaborate 
than a relay. But these.circuits can reliably trans- 
mit data at a rate no greater than about 10 char- 
acters per sec, so an increasing amount of data 


transmission now is taking place over voice-grade 
facilities. Here an entirely different situation exists. 

Voice-grade or telephone circuits can transmit 
frequencies up to about 3,000 cps, but are limited 
at the low end to a minimum of about 250 cps. Thus 
the de levels representing data cannot be applied 
directly to the line. Instead, the mark and space 
signals must be converted to frequencies within the 
line’s rating. An obvious way to do this would be to 
send an audio frequency of, say, 2,000 cps as the 
mark signal but transmit nothing for the space 
signal. Such an arrangement is generally unsatis- 
factory because line noise during the space time can 
give rise to spurious signals. Furthermore, echo 
suppressors and compandors on the circuit will not 
operate satisfactorily unless the signal is reason- 
ably continuous. The usual solution is to use “fre- 
quency shift keying” (FSK), in which the space 
signal is sent on one frequency (often referred to 
as the carrier) and the mark signal is sent on a dif- 
ferent frequency. Thus the function of the terminal 
equipment for a voice-grade line is to convert mark- 
space data signals to FSK signals (with frequen- 





FIG. 3. Transmitter of the Lynch B-109 
carrier data transmission system. (Photo 
courtesy Lynch Communication Systems, Inc.) 


FIG. 5. Stromberg-Carlson’s high speed binary data 


transceiver, Model SC301, transmits and receives binary 


FIG. 4. Moore Associates “Monitron’ 
decoder. (Photo courtesy Moore Associates). 


, 


coder and 


FIG. 6. Magnetic tape terminal developed by 
Stromberg-Carlson, using the Model SC301 data 
transceiver. (Photo courtesy Stromberg-Carlson) 


data over commercial telephone lines at 2,400 bits per second. 


(Photo courtesy Stromberg-Carlson) 





cies, voltage levels, and source impedance appro- 
priate to the line requirements) and at the receiving 
end convert such signals back to de mark-space 
signals. The terminal equipment may also include 
equalizers, filters, and carrier detectors. 

Where wide-band facilities are available the ter- 
minal equipment is similar to that used on voice- 
grade facilities, with the exception that many space 
(or carrier) frequencies may be used within the 
range of the circuit. This technique is standard 
practice in the telephone industry for both voice 
and telegraph circuits, since it permits simultane- 
ous independent transmission of a number of mes- 
sages over a single circuit—wire line, coaxial cable, 
or microwave link. Where FSK is used on carrier 
circuits the carrier may have any frequency within 
the pass band of the circuit, but the “mark” fre- 
quency for each carrier should differ from its car- 
rier frequency by only a sma!l amount. 

Carrier data terminal equipment is provided by 
several manufacturers but, with the exception of a 
few public utilities, railroads, and similar users who 
have their own privately-maintained communication 
circuits, the chief market for carrier equipment is 
among telephone and telegraph companies. 


Terminal equipment and systems for 
use on leased lines 


A variety of terminal equipment is available for 
use on leased or private lines, ranging from sub- 
assemblies to complete systems incorporating all the 
elements shown in Figure 1. Table I summarizes 
some of the available equipment. When used on 
lines leased from common carriers, equipment must 
be compatible with such facilities. (The addresses 


of all manufacturers mentioned in this article are 
listed in Table II.) 


TABLE II—-MANUFACTURERS OF DIGITAL 
DATA COMMUNICATION EQUIPMENT 





Bendix-Pacific Div., Bendix Aviation Corp. 
11600 Sherman Way, North Hollywood, Calif. 
Daystrom, Inc. 
4455 Miramar Rd., La Jolla, Calif. 
Digitronics Corp. 
Albertson Avenue, Albertson, L. |., N. Y. 
Friden, Inc. 
San Leandro, Calif. 
International Business Machines Corp. 
Data Processing Division 
112 East Post Rd., White Plains, N. Y. 
Lenkurt Div., General Telephone & Electronics 
San Carlos, Calif. 
Lynch Communication Systems, Inc. 
695 Bryant St., San Francisco 7, Calif. 
Moore Associates, Inc. 
2600 Spring St., Redwood City, Calif. 
Radio Corp. of America 
Electronic Data Processing Division 
Camden 2, N. J. (for DaSpan system) 
Radio Corp. of America 
Industrial Computer Systems Dept. 
21 Strathmore Road, Natick, Mass., (for RCA 130 system) 
Rixon Electronics, Inc. 
2414 Reedie Drive, Silver Spring, Md. 
Stromberg-Carlson Div., General Dynamics Corp. 
1400 N. Goodman St., Rochester 3, N. Y. 
Systematics Div., General Instrument Corporation 
3216 West El Segundo Blvd., Hawthorne, Calif. 





Bendix Pacific Div. of Bendix Aviation Corp., in 
addition to a high-speed (2,400 character per sec) 
system developed for the Army Signal Corps, has 
developed an industrial data communication system 
called Electro-Span. System details were not avail- 
able at the time of writing. The tone generators 
and tone detectors used are also available separately. 

Daystrom, Inc. has developed a data transmission 
system for transmission of process data. This sys- 
tem features the use of a large scale tape pro- 
grammed sampling system for analog data. The 
same company has developed a second system for 
interchanging computer maintenance data between 
a field computer installation and the manufacturer’s 
factory service personnel (Control Engineering, Oc- 
tober 1960, page 27). 

Friden, Inc.’s Dual Teledata paper tape transmis- 
sion system (Figure 2) transmits 14.2 alphanu- 
meric characters per sec by using two 100 word per 
min telegraph-grade lines and transmitting char- 
acters alternately over the two lines. Interlaced 
parity checking is used and transmission is halted 
for manual intervention if an error is detected. 

The first widely-used data transmission system 
intended primarily for commercial use was the IBM 
card transceiver, introduced in 1954. This device 
has now been adapted for use on toll lines, and its 
characteristics are described later. 

Lenkurt, a subsidiary of General Telephone and 
Electronics, and a long-established supplier of car- 
rier terminal equipment, provides a carrier terminal 
for the simultaneous transmission of 18 to 26 tele- 
graph channels (using FSK) on a 4-wire channel 
in its Type 32A Datatel System. They also manu- 
facture a Quaternary Data Transmission System— 
a terminal subset which accepts or produces serial 
digital data and provides coupling to a voice-quality 
line. The system handles the serial data two bits 
at a time, converting each of the four possible bit 
combinations (006, 01, 10, 11) into a different tone 
frequency; in this way data rates of 2,400 bits per 
sec are achieved on standard voice circuits, and up 
to 3,360 bits per sec on selected “clean” voice chan- 
nels carefully equalized for phase delay. 

Lynch Communication Systems, Inc. manufac- 
tures a voice-frequency carrier transmitter and re- 
ceiver (Figure 3) through which up to 9 voice- 
grade channels can be transmitted over one carrier 
circuit. By transmitting the carrier modulating fre- 
quency as well as one of the sidebands, this equip- 
ment makes synchronous data transmission pos- 
sible. This is not practical with many standard 
carrier circuits which usually use a suppressed- 
carrier single-sideband technique that destroys the 
precise phase relation between transmitter and re- 
ceiver needed for synchronous transmission. 

Moore Associates, like Bendix Pacific, supplies 
both complete data communication systems (pri- 
marily for supervisory and control purposes for 
utilities and the petroleum industry) and tone gen- 
erators and receivers for FSK communication. The 
Monitron coder and decoder (Figure 4) are de- 
signed for parallel to serial and serial to parallel 
conversion, fulfilling the function of the data cou- 
pler element used in serial binary communication. 

Radio Corp. of America manufactures the Model 
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FIG. 7. Bell System Model 200 Data-phone subset 
shown by Harvey J. McMains, AT&T administrator 
of Data-phone service. (Photo courtesy AT&T) 


130 Industrial Data Transmission Link as a part 
of their industrial control system. The 130 is a 
complete digital data transmitting and receiving 
station designed to transmit at the rate of 10, 100, 
or 600 bits per sec depending on the type of com- 
munication circuit used. The construction is modu- 
lar for flexibility in “on-line” applications. Error 
checking is done with a “bit-parity” code plus a 
carrier-presence check on the circuit. 

Rixon Electronics, Inc., with their Sebit 24 Data 
Transceiver, can transmit as much as 2,400 bits per 
sec on a voice circuit with 3,000 cps nominal band- 
width. A high data rate is achieved through a 
unique afc system and synchronous detection of 
data. Monitoring is facilitated by a built-in oscil- 
loscope and status-indicating circuits. The trans- 
ceiver accepts and supplies completely serial data. 

Stromberg-Carlson Div. of General Dynamics 
Corp. manufactures a 2,400 bit per sec binary data 
transceiver, Model SC301 (Figure 5), which uses 
vestigial sideband transmission (carrier and one 
sideband) with an afe system for synchronous de- 
tection of data. The SC301 accepts and supplies 
data in serial binary form. The company has also 
used the transceiver as the basis for a complete 
data transmission system now being used by Con- 
vair for transmitting data from one plant to its 
computer facility, where the data are recorded di- 
rectly on magnetic tape (Figure 6). 


The Bell System Data-phone subset 


Communications companies have always been re- 
luctant to permit connection to their circuits of any 
equipment except their own. Where customer-sup- 
plied equipment is permitted, it is restricted to 
leased lines, and even then the equipment must be 
compatible with the carrier’s facilities. 

Until recently all data communication, except 
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some teleprinter communication, was sent over 
either privately owned channels or circuits leased 
from common carriers such as American Telephone 
and Telegraph Co. and its affiliated companies or 
Western Union Telegraph Co. The high cost of 
leased circuits and the relatively low data rates of 
available equipment made any extensive use of such 
equipment uneconomical, particularly where dis- 
tances involved were large. 

Bell Telephone Laboratories has been developing 
a series of “digital subsets” designed to connect 
equipment for transmitting digital data directly to 
voice circuits on the regular telephone exchange 
network. Using this equipment, of which the Bell 
System Data-phone 200 is typical, a 25 to 1 increase 
in data rate is possible compared to that obtainable 
with standard (60 wpm) telegraph-grade circuits 
and, more significantly, transmission can be on an 
individual call bands. The user is charged at stand- 
ard toll rates only for the time the circuit is used. 

This development is significant economically. The 
new facilities can transmit as much data in one 
20-min toll call between New York and San Fran- 
cisco, costing $12.45, as can be carried in 8 hours 
on a 60 wpm leased teleprinter circuit, at $75.60 
(based on a monthly rate of $1,663.00 and assum- 
ing use of the line 22 days per month). 

There are three models of Data-Phone digital 
subsets now in use. Model 100 transmits and re- 
ceives data serially at 75 bits per sec and is the most 
widely used, with 600 to 700 in use in October 1960. 
This model permits the use of Model 28 Teletype- 
writers on voice circuits and is also used in connec- 
tion with the Friden Teledata and RCA DaSpan 
paper tape data transmission systems. Model 400 
is a small, compact unit which handles 20 characters 
per sec, and is used with the IBM Model 1001 Card 
Transmitter described later. In the model 400 each 
character is represented by two simultaneous tones, 
with 16 tone combinations available. 

For large-scale data transmission, the Data- 
phone 200 (Figure 7) is the most interesting. It 
handles serial binary data at 1,200 bits per sec, 
and forms the basis of Digitronics Corp.’s Dial-o- 
verter system, IBM’s 1009, 7701, and modified card 
transceiver systems, as well as the Teletype 1,000 
wpm punch and reader. 

The Model 200 Data-phone accepts and supplies 
serial binary data at any rate up to 1,200 bits per 
sec. It is normally supplied with a standard tele- 
phone set which provides regular voice communi- 
cation as well as data transmission, thus letting the 
sending and receiving operators make any necessary 
arrangements before transmitting data. The Model 
200 can also be used for unattended operation at 
either end, the calling station initiating either trans- 
mission or reception at the called station. 


Systems for use on toll exchange networks 


All of the systems described below are designed 
for use with one of the three models of Data-phone 
subsets just described, and thus do not include ter- 
minal equipment. While these systems will prob- 
ably be most used on a tell basis, they are in most 
cases adaptable with minor modifications to use 
with terminal equipment other than Data-phone 





Data Communication Equipment for Use on Leased or Private Lines 





FIG. 8. Dial-o-verter paper tape 
terminals. Transmitting terminal on 
left desk, showing paper tape strip 
reader; receiving terminal with 
high speed punch on right desk. 
Each telephone handset rests on its 
Data-phone subset. Magnetic tape 
terminal is also available. (Photo 
courtesy Digitronics Corp.) 


TABLE Ill 


Checking 
Medium and speed 
(characters per sec or 
cards per min) 


Unattended 
Operation 


Manufacturer 
and 
Model 


Remarks 


Data-phone 

Subset Model 

Punched Cards 
Magnetic Tape 

Other checks 

Automatic retransmission 
Transmit 





S * | Paper Tape 


nN 
So 
o 
@ 
oO 
on 
o 


Digitronics 
Dial-o-verter 


Line Communication between 
condition different media or with 
line printer possible 


Friden Various 5, 6, 7 or 8 level code; 
Teledata (see checking, if any, depends 
note) on code used 


IBM 65-66 4 out 
transceiver of 8 


IBM 1001 2 out 20 numeric characters per 
of 8 sec from card or keyboard 


IBM 1009 7 bit 
T&L 
parity 


Used with 1401 computer; 
punched cards or magnetic 
tape via computer memory 


IBM 7701 7 bit 
T&L 
parity 


Communication with IBM 
1009 possible 


RCA DaSpan Inter- 
laced 
parity 






































“Speeds shown are recording rates; where terminals use different media, speed of recording device 
determines transmission rate. 





where the volume of data justifies private line op- 
eration. The Data-phone subset is usable on leased 
lines of Bell System affiliates. Table III summarizes 
some of the available equipment. 

The equipment described below constitutes the 
“data coupler” of the system in Figure 1 (plus the 
memory where that element is required). The data 
coupler has three functions: 1) to provide required 
conversion at the transmitting end (tape, card, or 
keyboard format to terminal equipment) and the 
opposite conversion at the receiving end; 2) to 
respond to and provide any control signals used by 
the terminal equipment and the data reading or 
recording equipment; and 3) to perform error 
checks and take action when errors are discovered. 

Digitronics Corp. manufactures the Dial-o-verter 
System. Using the company’s Model 599SR Dial-o- 
verter Coupler and the Model 200 Data-phone, the 
system provides communication via punched paper 
tape, punched cards, or magnetic tape. Figure 8 
shows the paper tape terminal. Data rates vary 


from 100 to 150 characters per sec, depending on 
the type of data storage medium used: if a paper 
tape punch is used at the receiving end, the rate 
is 100 characters per sec, while if magnetic tape is 
used, the rate is 150 characters per sec (the limita- 
tion in the latter is the Data-phone terminal). 
Extensive error-checking facilities are provided 
in all models, using both transverse and longitudinal 
parity, and automatic retransmission in case of 
error is possible where the input medium permits 
or where a memory is used. A printing counter 
records the number of any message in which an 
error is detected and the total number transmitted. 
The system uses a common data format on the 
communication circuit regardless of the data stor- 
age medium, permitting data originating from 
paper tape, cards, or magnetic tape to be received 
and recorded on any of these mediums. Special edit- 
ing and format control features are optional. 
Friden’s Teledata system (Figure 9) was one 
of the first data communications systems, other 
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FIG. 9. Friden Teledata system. FIG. 10. IBM 7701 Magnetic Tape Terminal uses 
(Photo courtesy Friden, Inc.) a Model 200 Data-phone subset. (Photo courtesy 1BM) 


FIG. 12. Transmitting unit of IBM 1001 data transmission 
system. Receiving unit uses key punch for recording data. 
Both use Model 400 Data-phone subset. (Photo courtesy IBM) 


FIG. 11. IBM Model 1009 data transmission unit, for 
use in conjunction with the IBM 1401 Computer and 
Model 200 Data-phone subset. (Photo courtesy IBM) 





than Teletype, to make use of toll circuits for data 
transmission. Punched tape is the storage medium, 
and 7 to 10 characters per sec are transmitted using 
the Model 100 Data-phone subset. Advantage is 
taken of any checking features of the tape code, 
and detection of an error halts transmission. 

International Business Machines Corp. can now 
supply its Model 65 or 66 Card Transceiver, in use 
on leased lines since 1954, with modifications which 
permit use with the Model 200 Data-phone subset 
on toll lines. The system uses a 4-out-of-8 code for 
error checking and is designed for attended opera- 
tion. Because the data rate is relatively low (9 to 10 
cards per min), an error halts operation. 

IBM also makes two other systems for use with 
the Data-phone 200 subset. These are the Model 
7701 Magnetic Tape Terminal (Figure 10) and the 
Model 1009 Data Transmission Unit (Figure 11) 
for interconnecting their Model 1401 computer and 
the Data-phone subset. Both units transmit data in 
magnetic tape format, and may thus communicate 
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with each other. Error checking is by means of 
the same parity checks used with magnetic tape, and 
automatic retransmission in case of error is pos- 
sible. Both units are designed for attended use. 

For data origination at multiple points, IBM also 
provides a very small, compact, and economical card 
transmitter, Model 1001 (Figure 12), which uses 
the Data-phone 400 subset. The unit will read up 
to 22 columns from a manually-inserted card and 
has a keyboard for manual insertion of additional 
data. The receiving terminal uses a Model 24 or 
26 key punch and is for unattended use. A 2-out-of-8 
cod permits error checking. 

Radio Corp. of America, in their DaSpan system, 
use their Model 5901-7 T-R Unit as a coupler be- 
tween a paper tape reader or punch (included in 
the 5901-7 unit) and a Model 100 Data-phone subset. 
The system operates at 7.1 characters per sec and 
uses both a regular parity and an interlaced parity 
check. Detection of an error halts operation and 
manual intervention is required. 








a digital arithmetic center 
—process contro! 


that works with: 


Important specifications include: 


Number System...Decimal 
Word Length...18 decimal digits and sign 
Storage...Magnetic Drum 


Storage Capacity...16 words per channel, non volatile 
10 channels are available 
2 channels are supplied as 
standard equipment 


Instructions ...Multiple Address 


Input of Data...Unique pulse per digit or binary 
coded decimal 


Input of Instructions...DC voltage to proper 
connector pin(s) 


Output... Unique pulse per digit or binary coded 
decimal 


Size...Length 28”, height 19”, width 13” 
Weight ...97 Ibs. 


Power...117 VAC +10%, 150 watts maximum, 
60 cycle, single phase 


Construction... Modularized, solid state, plug in 
components 


write direct for Engineering bulletin SS-4. 


For information on how you can use the ae. Ci a ry 


134 CIRCLE 134 ON READER SERVICE CARD 


You name the application, and Clary’s new arithmetic center—the DAC- 
2500 -—will fit it. 

FLEXIBLE. This unit performs arithmetic, logical, and memory functions 
with phenomenal speed and accuracy...works with punch card and tape 
devices, analog to digital converters, X-Y plotters, printers, and other 
input and output equipment. 

PROVEN. This is an off-the-shelf item. It has been proven in actual appli- 
cations. Production-like quality makes it low-in-cost, insures prompt 
delivery, reduces maintenance and repair problems. 


RELIABLE. Clary’s long experience in quality controls and the use of solid 
state electronics insure exceptional reliability. 


CORPORATION, 
COMPUTER DIVISION 
San Gabriel, California 
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Information Systems 


Systems Talk 
Through Common-Language Pool 


THE GIST: How to integrate and control a large instrumentation com- 
plex is an old problem that has become newly important and more diffi- 
cult with today’s high data volumes and information rates. The system 
developed by Lockheed and Beckman for real-time control of a large num- 
ber of different data equipments is called PICE (Programmable Inte- 
grated Control Equipment) and is now being installed at two Air Force 
data centers. In these installations PICE will integrate high-speed data 
links, low-speed teletype links, tape transports, radio telemetry links, large 
high-speed digital computers, various operating consoles, rf command 
transmission links, tracking equipment, a timing system, analog displays, 
digital displays, plotting boards, and more. The PICE system concept uses 
a high sampling speed and stored-program access to a common-language 
information pool to integrate all these asynchronous, multilanguage in- 
struments in a solution which should have wide usefulness in business 
and industry as well as satellite control. 


Conventional Information Flow 
WARD ELLIS, Lockheed Missile and Space Div. _ INPUTS 


GORDON R. JUSTUS, Beckman/Systems Div. 
WILLIAM D. BELL, Mellonics Rte , sm 


OMMON- LANGUAGE. CONVERSION 
Integrated control of equipments having different 


languages and different data rates must be recog- 
nized as basically a problem in providing ready 
communication between equipments. Until the com- 
munication difficulties are resolved, there is no hope 
for integrated control. 

Communication has five requirements in an ideal 
real-time control system: 
e All data should be in a common language 
e All data should be instantaneously available 
e All data should be available to all users 
¢ Access to data should involve no priority problems 
for qualified users 
e Access to data should involve no synchronizing 
problems that constrain operations. INPUTS 


USERS 


vs. Buffered Information Flow 


Three solutions are possible 


Three basic approaches can be taken to a real- 
time problem with the five requirements just stated: 
1. THE BLACK BOX APPROACH. Instrumenta- 
tion may be planned in terms of special-purpose 
black boxes, each designed to meet specific system 
requirements. This solution is poorest when in- 
strumentation must be quickly and easily adapted 
to changes in the system. 

2. THE G-P COMPUTER APPROACH. A general- 
purpose computer can be used for controlling opera- 
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tions and thus avoid the lack of flexibility in the 
black box approach. It is hard to demonstrate con- 
vincingly in advance of actual operations that this 
approach generates many problems of its own in 
large real-time control applications. This is because 
any application can be singled out to show success- 
fully how the computer can easily handle the prob- 
lem. But when the entire job is programmed and 
placed upon the computer, the limitations of memory 
capacity, speed, simultaneous demands for input 
and output, timing restrictions, and so forth, all 
combine to make the use of the general-purpose 
computer for control a difficult problem. 
3. THE PICE SOLUTION. The next generation 
of computers will be faster than today’s by orders 
of magnitude because they will use the principle 
of parallel operation; and faster circuits and novel 
components will contribute far less. Parallel oper- 
ation means that all information flow is not bottle- 
necked through a single equipment but instead that 
a battery of parallel equipments is harnessed to 
work as a team. The PICE concept provides spe- 
cial flexible equipment (for coupling with a large 
number of input/output devices and automatically 
controlling the information flow through the sys- 
tem) which operates in parallel with a general-pur- 
pose computer (which does all computing and will 
make decisions and take control as programmed). 
Thus, both PICE and the computer devote their 
energies to the areas where they are most efficient. 
Instead of the computer having to digest the entire 
data mass, it must cope only with information 
actually needed, which it gets by directly address- 
ing PICE. PICE, meanwhile, controls all informa- 
tion fow with a bare minimum of stored-program 
data. ‘This simple automatic control of information 
flow contrasts strikingly with the ponderous pro- 
gram a computer would need to do the same job. 


The PICE system concept 


Figure 1 shows the information flow situation 
for a typical instrumentation complex. Users have 
difficulty in gaining access to the data because of 
timing restrictions, lack of language compatibility, 
organizational and equipment interfaces, and as- 
sorted communication barriers. How can this in- 
formation flow picture be changed to provide com- 
mon-language data instantly available to all users, 
with no priority problems and no synchronizing? 

Figure 2 supplies an answer to this problem in 
terms of a buffered information pool. Now all 
inputs go through a common-language conversion 
and store their data digitally in the information 
pool. Data users always have access to data by con- 
sulting the information pool rather than the orig- 
inal source of data. 

The information pool in Figure 2 has a good 
analogy in the stockbroker’s quotation board. There 
are fixed locations on the board for displaying the 
current prices on stocks, bonds, and commodities. 
As fast as price changes are received via the 
broker’s various automatic communications links, 
the data displayed on the board are updated to re- 
flect the latest information. All users in the 
vicinity of the quotation board have simultaneous 
access to any or all data. Remote users of the data 


get their information by communication links from 

those people in visual contact with the board. 
From a data systems concept the broker’s quo- 

tation board has three important characteristics: 

eIt is a buffer between input sources of data and 

the users of data 

eIt is a common-language information pool 

eIt is automatically updated. 

PICE is the implementation of these concepts. 


Speed is the key 


PICE is basically a high-speed memory with its 
own internally stored program and means for coup- 
ling to other equipments. In the simplest possible 
terms a PICE integrated instrumentation system 
looks like Figure 3. PICE’s most important func- 
tion in such systems is transforming a large num- 
ber of completely asynchronous data sources into 
a form where all data are synchronously available to 
all users. Yet this transformation is made without 
synchronizing the information pool itself with the 
devices that update the pool. 

The key to PICE operation is its speed. The in- 
formation pool in PICE is a ferrite core store with 
an access time of 6} microsec for writing or read- 
ing out of data. There are 160,000 accesses to the 
information pool in a single second. Thus, the in- 
formation pool is able to scan all the access func- 
tions (input or output, in an arbitrary pattern 
under direction of the stored program) at a rate 
so much faster than the change of the data itself 
that it can guarantee that all data will be trans- 
ferred into the pool without loss of information. 

PICE’s means of communicating with asynchron- 
ous devices is illustrated by Figure 4. The top line 


FIG. 3. Simplified diagram 
of PICE integrated 
instrumentation system. 
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FIG. 4. PICE communicates with asynchronous devices, 
offering access to its own memory at a high enough rate 
to sample all signals (requests) from the devices. 





shows a static output reading from an analog-to- 
digital converter, or the period that each digitized 
reading appears in the output register of the ADC 
to be read. Such an output could come from ground 
station telemetry equipment, for example. 

The second line in Figure 4 shows the timing with 
which the output of the ADC requests the oppor- 
tunity of communicating with PICE. Thus every 
time there is a new reading in the ADC, this signal 
says “I want to talk to PICE”’. 

Line 3 shows the timing with which PICE offers 
accesses and this is controlled by the ordering of 
the control data in PICE’s control memories. The 
timing of these pulses is very accurate. The timing 
of the access requests from the outside equipment 
need not be accurate, but PICE must know the maxi- 
mum rate at which data will be transferred. 

The bottom line shows the timing with which 
PICE accepts data. There were four signals to be 
accepted by PICE and each of the four were ac- 
cepted. To do this, however, PICE offered more 
than four access cycles. PICE was operating at a 
rate enough faster than the rate of change of input 
data that it could guarantee that all data would be 
transferred into the information pool. 

This technique, which depends upon high speed, 
permits transferring data between communicating 
devices and PICE without synchronizing control. 


Stored program controls communications 


Figure 5 shows that PICE has two program 
memories which can operate simultaneously, mak- 
ing higher system speeds possible. The information 
pool is shown at the right and can store either data 
or indirect addresses. The access function reg- 
isters at the bottom consist of toggles and control 
lines which are used to interconnect PICE and ex- 
ternal equipment. The timing and control circuits 
in the center operate under the direction of the 
stored programs in program memories 1 and 2 to 
select one access function register at a time, con- 
nect it to the information pool, and either write 
data into the pool or read data out of the pool. 

Figures 6 through 9 explain the operation of 
PICE’s stored program control scheme. In Figure 
6 an 80 ke source of pulses from the master clock 
(240 ke) is counted in the access sequence counter 
which is preset to gate to the address register of 
program memory 1. Thus, after the preset initial 
address of the sequence (sigma as shown in Figure 
7) sequential control words are read out of memory 
one every 124 microsec. 

In Figure 8, program memory 2 stores 256 words 
corresponding to 128 possible access function reg- 
isters (AFR’s) plus 128 associated with transfer 
of data within the information pool. As shown in 
Figure 7, an 8-bit address is contained in the word 
read from program memory 1. This address selects 
a second 30-bit word to be read from program 
memory 2 (Figure 9). These words determine PICE 
operations during a single 124 microsec period. 

Each of PICE’s 80,000 access cycles per second 
is programmed as has just been shown, and during 
each access cycle PICE determines four things: 

e Which input or output device is connected to the 
information pool 
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TO COMMUNICATING DEVICES 
FIG. 5. Block diagram of PICE shows two 
program memories, the information pool, timing 
and control circuits, and up to 128 access function 
registers for communicating with outside devices. 


e Which serial address will be used for reading into 
or reading out of the information pool. 

e Whether indirect addressing is necessary. In in- 
direct addressing PICE goes to the information 
pool to find another address, which is then used for 
reading or writing the data. Indirect addressing 
makes it possible to handle random sequences of 
data. All decommutating of telemetry data is done 
by PICE without special ground-based decommutat- 
ing equipment for each telemetry station. 

e Whether the selected access function will read 
into or write from the selected address in the in- 
formation pool. Most equipments will do one or the 
other. Some equipments, such as terminal devices 
for high-speed data links, can do either. 

Every 124 microsec PICE makes the four deter- 
minations listed above, communicates with some 
external equipment, and transfers up to 24 bits of 
data to or from the selected device. Over 2 million 
bits of data can be transferred every second. 

PICE also permits a maximum of 80,000 com- 
puter accesses during the same second. This is done 
by interconnecting the computer’s core memory 
with PICE’s core memory at any time that PICE is 
not using its indirect addressing capability. The 
computer used with PICE will be Control Data 
Corp.’s 1604. Because the 1604 uses buffered input- 
output channels for PICE communication, data 
transfer with PICE is asynchronous with respect 
to the computer program, which therefore operates 
effectively in parallel. 

Thus, PICE communicates with all its coupled 
devices between 80,000 and 160,000 times per sec. 


The access function registers 
control interconnections 


PICE access function registers, or AFR’s, are 
used to interconnect communicating devices with 
PICE. Each AFR provides a 24-bit data register 
and up to 20 interconnecting control lines. 

PICE’s basic operating premise is that control 
comes from the outside communicating device. 
PICE simply does what it is told to do and this 
control is established over the 20 interconnecting 
lines. Each equipment does not actually use all 20 
lines, but rather only those lines pertinent to its 





Stored Program Control of 
Communications 


FIG. 6. Program memory 1 control. 
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FIG. 7. Control word 1. 
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FIG. 8. Program memory 2 control. 








>A NEW WORD EVERY 12.5 MICROSEC 


FIG. 9. Control word 2. 
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operation. The remaining lines are unused. 

The first three control lines are concerned with 
requests from outside PICE. A request can come 
at any time. Control line 1 signals that the access 
function desires access to the information pool. 
Control line 2 tells the AFR if data are to be entered 
in parallel, and control line 3 tells if data are to be 
entered serially. 

The access function registers accept either bit- 
serial data entry, parallel data entry, or combina- 
tion parallel-serial entry. As an example of the 
last, a four-bit binary coded decimal number can 
be entered in parallel and then shifted over four 
places to allow room for the next entry of four bits. 
This continues until six binary coded decimal num- 
bers are entered into a 24-bit register. 

To complete a request from outside, the com- 
munication equipment must supply signals on line 
1 and either line 2 or line 3. Line 4 then signals 
PICE’s closed-loop reply to the above requests. 

The next four lines specify operations to be car- 
ried out by PICE. Line 5 is used by the outside de- 
vice to specify whether data are to be read from 
or written into the information pool, line 6 whether 
direct or indirect addressing is to be used, line 7 
signals when sigma is to be incremented (effectively 
it says “Use the next serial address reserved for 
this function’), and line 8 resets sigma back to 
the starting address (thus a sync-lock signal can 
establish the start of a decommutating pattern). 

Lines 9 and 10 are used by PICE to signal that 
a parallel or serial entry, respectively, has been 
completed. Line 11 signals every time PICE com- 
municates with the AFR and thus whether or not 
the access cycle is allowed. Line 12 signals that 
this AFR is selected and can be used by the com- 
municating device for controlling new entry into 
the AFR. Line 13 signals that the access cycle to 
the AFR has been completed. Line 14 signals every 
time the sigma address is set back to its starting 
address. The last four signals are not often used. 

Control lines 15 and 16 are concerned with in- 
ternal checking and tell external equipment of any 
failures in reading programming data from memo- 
ries 1 or 2, and of data transfer failures to or from 
the information pool, respectively. 

Control lines 17 through 20 make PICE timing 
signals available to coupled equipments. PICE’s 
timing signals can be used to synchronize com- 
municating equipments with PICE exactly when 
this may be desirable, and can also be used by ex- 
ternal equipments to control their own functions. 


Input restrictions are lenient 


The restrictions placed upon the signals that the 
outside device must furnish are very lenient. This 
is important for easy equipment integration. Rise 
time and pulse shape are of no importance, for ex- 
ample, because there is no ac coupling. All that is 
necessary are steady-state signal levels of 0 to 3 
volt for a binary zero or false signal, and minus 5 
to minus 12 volts for a binary one or true signal. 
There is a requirement on the minimum time that 
a signal must be supplied: on some signal lines the 
minimum duration of a signal is 5 microsec and 
on others it is 15 microsec. 
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because GV REDUCES LOGGING TIME 
TO SECONDS...CURTAILS COSTLY OUTAGES 


PANALARM “‘flashing-ringback sequence”’ Recording Annunciator 
System converts raw data into usable information in seconds—a 
tremendous improvement over slow, old fashioned manual logging. 
Costly outages are fewer because of the speed and reliability with 
which off-normal conditions are registered. 


The Recording Annunciator System sounds an alarm when trouble 
occurs. Simultaneously, it prints an accurate alpha-numeric digital 
record of the date and time of trouble and identifies the equipment 
that failed and/or returned to normal, eliminating possibility of 
operator error. 


Another big advantage is that it continues receiving and recording 
information during emergencies, relieving the operator of this burden. 
The operator then concentrates his entire attention on ending the 
emergency. Later, a precise, sequential record is available for both 
operators and engineers to study as a basis for preventive mainte- 
nance and action. 

For an optimum competitively priced Recording Annunciator System 


for your plant, talk to Panellit engineers. 
Sales and engineering offices in all principal cities. 


PANALARM ANNUNCIATORS record critical infor- 
mation on 7 turbine generators related to differential 
shutdown, overvoltage, ground detection, motor control, 
loss of field, pressures, temperatures, and shutdown or 
bus tie transfer operations. 


For complete technical details on the Recording Annunciator, write for Bulletin 102A today. 


PA md ee L LL 4 Te division of ISI incorporated 


7401 north hamlin avenue, skokie, i/linois-phone: orchard 5-2500 


Annunciators ¢ Control Panels « Data Systems «+ Contract Maintenance and Installation 
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The earth trembles ... a rumble is heard 
running along the ground... there’s 
a deafening roar as the earth splits! 


To catch this brief moment of seismic his- 

tory on magnetic tape for electronic data 

processing may have required hundreds 

of hours of continuous recording . . . and 

mountains of tape. But now there’s a new 

way to beat this tape consumption prob- 
lem—Honeywell’s New LAR 7500 Magnetic Tape System! 
By recording at very low speeds of 0.3 and 0.6 ips, the LAR 
7500 system can put 24 hours of data on a single reel of 
tape. With the use of ultra-thin 0.35 mil base tape, the 
system can record up to three days of data on a single reel. 
In addition, the LAR 7500 lets you playback over a large 
range of speeds without changing heads. 


HONEYWELL INTERNATIONAL 


Sales and Service offices in all principal cities of the world. Manufacturing in 
United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 


CAUGHT 
IN 





This new system also offers great potential as a practical 
and dependable recording device for atomic test detection 
systems based on seismograph techniques. Scatter propaga- 
tion studies, tide and other wave motion studies are also 
well suited to LAR 7500's low-speed, high-capacity capabil- 
ities and foolproof tape handling system. 


Get all the facts on the new LAR 7500 Magnetic Tape 
System by calling your nearby Honeywell field engineer. 
He’ll give you valuable assistance in matching a Honeywell 
data system to your exact requirements. Be sure to ask 
about the Honeywell Automatic Wave Analyzer Systems 
for accurate and high-speed analysis of recorded data. 

MINNEAPOLIS-HONEYWELL, 
10721 Hanna 
Street, Beltsville, 
Maryland. 


Industrial Systems Division, 


Honeywell 
iH) Fee Col 
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IDEAS AT WORK 


Servoed Oscillator Outputs 
or Phasemeter 


Counted f 


A. BERNSTEIN 
Cubic Corp. 


A unique phase measurement tech- 
nique that involves counting the out- 
puts of two oscillators servoed to the 
input signals makes possible a new 
phasemeter for angle and distance 
measuring equipment. Developed for 
tracking of aircraft and missiles, the 
device converts phase information to 
digital form by converting a reference 
signal and a data signal to digital num- 
bers and then subtracting their in- 
stantaneous values. 

The new digital phasemeter con- 
sists of two electronic servos and a 
processor, Figure 1. The inputs are 
both at the same frequency (nomi- 
nally, | kc) and consist of a reference 
signal (with a phase angle ¢,) applied 
to one electronic servo and a data 
signal (phase angle ¢,) applied to the 
other. The electronic servos convert 
the analog phase information into digi- 
tal numbers. Subsequent mathemati- 
cal operations are accomplished in the 
processor, which also contains an out- 
put register for display and readout. 

The electronic servo shown in Fig- 
ure 2 is a phase-locked feedback sys- 
tem including an area phase detector, 
an operational dc amplifier with servo 
compensation networks, a_ voltage- 
controlled oscillator (VCO), and a 
binary scaler. The phase detector may 
be considered to be a gate which 
passes the input signal when the feed- 
back signal is positive. The average 
output of the phase detector is pro- 
portional to the cosine of the phase 
angle between the input signal and the 
feedback signal. 

lorgetting the action of the scaler 
for the moment, when the feedback 
square wave from the VCO is pre- 
cisely in quadrature with the incom- 
ing signal, the dc output of the phase 
detector is zero, as the positive and 
negative portions of the incoming sig- 
nal are equal during the positive half- 
cvcle of the 1-kce feed back (shown in 
the shaded portion of the sine wave in 
Figure 2). When the phase relation- 
ship deviates from 90 deg, the output 
of the phase detector averages a d 
voltage whose polarity depends on the 
sense of the phase variation. This 
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output is used as a servo. error voltage; 
it is greatly amplified and impressed 
upon the VCO to change the latter's 
phase and restore the quadrature re- 
lationship at the phase detector. 

The output of the VCO is thus 
servoed to the incoming signal, and 
the positive-going edge always occurs 
at the plus 90-deg phase point of the 
input signal. This established a refer- 
ence point on the input, as in a zero- 
crossing detector. 

Each of the two signals whose phase 
difference is to be measured is fed to 
an identical electronic servo. In each 
servo the feedback square wave will 
be 90 deg out of phase with the input. 
'herefore, the phase difference be- 
tween the square wave output from 
the reference VCO and the square 
wave output from the data VCO will 
be the same as between the two sinu 
soidal inputs. 

In order to improve the signal-to- 
noise ratio, narrow dynamic _band- 


Reference 


FIG. 1 

Outline cf phase measure 
ment svstem shows how 
input phase angle is com 


pared to reference 


\ information present as phase 


widths are utilized and the electronic 
servos switch bandwidth automatically. 
Thus the servos have a 10-cps band- 
width during target acquisition and 
then switch to a l-cps bandwidth for 
target tracking. If signal lock is lost, 
the bandwidth automatically returns 
to 10 cps for reacquisition. 


A/D conversion 


The phasemeter’s method of analog 
to digital conversion can be seen when 
the binary scaler is considered. Now 
the center frequency of the VCO is a 
binary multiple of the input signal 
frequency with the binary scaler in- 
serted between the VCO -and the 
phase detector. The binary scaler di 
vides the VCO frequency (Nf) by 
N, the output of the scaler, which is 
at the same frequency as the incoming 
signal and is used as the feedback sig- 
nal to the phase detector. The VCO 
frequency is 1.024 Mc; the binary 
scaler divides the frequency by 1,024, 
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Need relays or stepping switches that will 
stay fresh as daisies—even in environments 
of high humidity, gritty dust, or extremes of 
temperature or pressure? You can get them, 
securely housed in ideal atmospheres of their 
own. 


AE makes an airtight case out of every job by 
completely evacuating the prewired assembly, 
replacing the air with a dry, inert gas to a 
pressure of at least one atmosphere, and tightly 
sealing the housing. Then we test it, and if there’s 
a single, tiny leak — enough to pass 1 cc of air in 
30 years—we reject the assembly! Here’s real 
protection from adverse environmental conditions 
(from tampering, too). 


Ask for AE’s Catalog 4083 on Hermetically 
Sealed Enclosures. It shows the wide variety 
of housing sizes and shapes available—with 
hook terminals, socket or cable plug-ins, or 
special printed-circuit connectors. Into these 
housings AE will put relays and switches 
assembled and wired to your specifications— 
or we will design and deliver complete con- 
trol packages or systems. Chances are we 
can do the job at less cost, too. 


If you have a sticky control problem, just 
write the Director, Control Equipment Sales, 
Automatic Electric, Northlake, Illinois. In 
Canada: Automatic Electric Sales (Canada) 
Ltd., 185 Bartley Drive, Toronto 16, Ontario. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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and the 1-ke output is used as the 
feedback signal. The servo with the 
scaler operates exactly as without; mag- 
nitude of the count in the binary 
scaler at any instant is a measure of 
the instantaneous phase of 1-kc input. 

When the 1-ke feedback signal 
crosses zero in the positive direction, 
the stages in the scaler go from all 
ones (maximum count) to all zeros 
(minimum count). As the phase of 
the input signal changes, the scaler 
begins to accumulate counts from the 


VCO. When the input signal crosses 
zero in the negative direction, the 
scaler count is 256; when the input 
signal is at minus 90 deg, the count 
is 512. The scaler continues to accum- 
ulate counts until the signal reaches 
plus 90 deg, when the scaler again 
goes through maximum count (1,024) 
and resets to zero. Thus the magni- 
tude of the count always represents 
the phase of the input signal, meas- 
ured from its last 90 deg point. Since 
each scaler contains, as a binary count, 


the instantaneous phase (with respect 
to its own 90-deg point) of the input 
sinusoid, the count difference between 
the two scalers is directly proportional 
to the phase difference between the 
two input signals. 

As shown in Figure 2, the VCO 
frequency is 1.024 Me; since the in- 
put signal is 1 kc, there are 1,024 
cycles coming from the VCO and 
counted by the scaler during each 1-ke 
period (1 millisec). Each input cycle 
is effectively divided into 1,024 parts. 


Memory Logic Allows Stepping Motor to Catch Up 


R. A. VICTOR 
University of California 
Radiation Lab. 


Pulsed stepping motors are some- 
times limited because of their rela- 
tively long mechanical response time 
(10 to 100 millisec). This limitation 
can be overcome if a suitable memory 
device is used to remember the num- 
ber of steps required and if a suitable 
feedback is supplied to insure that all 
of the command signals have been 
acted upon by the stepping motor. 
Such a scheme permits the command 
signal rate to exceed the mechanical 
response time of the stepping motor 
without danger of meer positional 
error. However, this method is not 
applicable if it is necessary to maintain 
a 100 percent phase relationship be- 
tween command signals and mechani- 
cal output of the stepping motor. 

In the system shown in Figure 1, 
each command signal adds 1 to the 
counter, and each step of the motor 
subtracts 1 from the counter via the 
feedback generator. The output of 
each section of the counter is fed into 


a buffer whose output is one leg of a 
two-leg gate, the other leg being a 
clock pulse of a frequency compatible 
with the stepping motor response 
time. As long as any section of the 
counter registers 1, the motor will be 
stepped one step for each clock pulse. 
Since each step of the motor will 
subtract 1 through the pulse genera- 
tor, the operation will continue only 
for the exact number of command 
signals or until the counter reads all 
zeros. If a short capacity counter is 
used, it is possible to use an indicated 
overflow to sound an alarm. 

A more elaborate application for 
this system would be one where bi- 


directional stepping of the motor is 
desired. Figure 2 shows a bidirectional 
pulse generator used for position feed- 
back. The generator developed for this 
application is simple and inexpensive. 

Figure 3 shows such a pulse genera- 
tor designed for use with a stepping 
motor having 90 deg steps. Since the 
pickup coil is mounted 45 deg from 
the steady state position, any 90-deg 
rotation in either direction will gen- 
erate a voltage pulse whose polarity is 
dependent upon the direction of rota- 
tion. The amplitude of the voltage 
depends upon the speed of rotation 
and the distance between the coil 
and the magnetic pole. 
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FIG. 1. Binary memory 
device applied to 
unidirectional stepper motor. 
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Pulse generator used in system of Figure 2. 


Bidirectional system shows how forward pulses are 
added, reverse pulses subtracted and motor reverse steps are 
added, forward steps subtracted in binary memory system. 
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MOSELEY AUTOGRAF INSTRUMENTS 


X-Y Recorders 


Viost complete line available 


14 different models including portable 


82" x ll. or ll” x17 

ntcleLene) an eo) e) (=m aslelelaldiarss 

-pen designs 

AYU} ce) nat-)elomeiat-laar-lehs-]ale= 

All needed versatility features 


Strip-Chart Recorders 
3 different models 
14-second full-scale response 


6 push-button chart speeds 


Program Controllers 
@)ojater-] Milal=mieliieizela> 
Electromagnetic eablAvismiellieliisi4s 


imUlarendielam Ciial-14-100)4s 


Servo Voltmeters 
Drive digitizers, printers 


High accuracy 


Analog Converters 
Log converters, 60 db range 
N@va DB] @merelai-14¢-145 


Digital to Analog Translators 
(Orel ai',:1a ale l-he- Mi celani ell aleial-\e Mer-] ce]- 
fol=1a ie) ¢-)¢-10 i €-] =m cat-]o4al-) d [om t-]el> 
by transistor switching 


Digital and Analog Accessories 
Keyboards 
Character printers, 3 models 
Time bases 


Systems 
WY Fey=dat =i dom ¢-] el-me toa) ¢-] mer-e- Me) (oladiays 
Transmissibility plotting 
Strain, temperature plotting 


KNOWN FOR 
QUALITY 
INSXe)U]\ ID) 

THE WORLD 


Write today for data sheets and application information 


recorders 
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Counter Centers Conveyor Items 


D. E. STAUB 


Edon Industrial Products 


I'he control system shown here ac- 
curately finds the center of any item 
moving on a conveyor line. This sim- 
ple electromechanical device signals 
when the center of the item 1s at 
some predetermined reference point. 
I'he system is particularly useful when 
it is necessary to find the centers of 
items with random lengths or to posi- 
tion an item on some destination line 
so it can be moved off the conveyor. 

For example, assume it is necessary 
to position the center of a 2-ft long 
box, at a reference point 10 ft beyond 
the sensing element. The sequence is 
as follows: the leading edge of the box 
breaks the beam to the photocell 
(position 1). This energizes elec- 
tric clutch A which in turn drives the 
counter. The gear boxes are so ar- 
ranged that input through clutch A 
will turn the counter at precisely one 
half the speed of the conveyor. The 
instant the box passes, allowing the 
beam to hit the cell again, clutch A 


disengages and clutch B engages (po- 
sition 2). Clutch B is geared to drive 
the counter at the same speed as the 
conveyor. (Motion of 1 ft registers 1 
ft on the counter.) When the box has 
reached position 2, it has moved 2 ft, 
but the counter has registered only | 
ft, or half the length of the box. 

The box then moves the remaining 


9 ft to position 3. At this point the 


Hydraulics Half-Add 


Binary Numbers 


F. D. EZEKIEL 


American Measurement & Control 


R. J. GREENWOOD, III 
Mass. Institute of Technology 


Laboratory work at MIT has de- 
veloped the form of a fluid logic ele- 
ment that can be used for adding 
binary numbers. Actually the devices 
so far have been used only for half- 
adding. That is, only the carry opera- 
tion of addition is performed by the 
elements. The elements have no mov- 
ing parts, operating on the principle 
of momentum exchange between two 
fluids as they impinge on each other. 
Models were built of Plexiglas, and 
hydraulic fluid was used. 

Figure 1A shows how fluid streams 
can be added. If stream A = | and 
B = 0 (presence and absence of flow), 
the output of C can be called 1. If 
the signals of A and B are reversed, 
the output, or sum, is the same. On 
the other hand if both A ard B have 
a signal, Figure 1B, flow from the 
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other output tube D can indicate the 
sum of 1 and 1. If the two streams 
are not of equal strength, the two out- 
put flows will vary accordingly. Models 
have been tested with flow ratios rang 
ing from 7 to | up to 20 to 1. 

These elements have been cascaded 
as shown in Figure 2 to produce a 
binary half-adder. The circles repre- 
sent simple button valves that have 
been set by external logic to represent 
the addition of two binary input sig- 
nals, 0101 and 1101. The hydraulic 
logic element performs the carry 
operations, giving the sum 10010. It 
is interesting to note that to make the 
device work, a method had to be in- 
corporated to bleed part of the flow 
back to the sump. This is done only 
in the case when a carry occurs, insur 
ing that all fluid streams have equal 
magnitudes. The mechanism is a 
simple orifice located on the bottom 
of the Plexiglas model. 

These elements could be combined 
to form a complete adder, so that both 
the simple addition and the carry ad- 
dition would be done. 


Reference point 


counter reads 10 ft (1 ft from clutch 
A operation and 9 ft from clutch B 
and gives a signal indicating that the 
center of the item is at the reference 
point. At the same time this signal 
goes out, the counter resets itself 

The distance between the sensing 
element and the reference point is the 
maximum item length the system is 
able to take. 


bs ( 


x 


FIG. 1. A—If only one of the fluid streams 
has a signal, the output will be added to give 
a sum of 1. B—If both streams equal | 
the output will be their sum. A difference 
in magnitude of two streams will result in a 
corresponding flow ratio between the two out 
put streams 

















| 0 0 0 
FIG. 2. Method of adding two binary signals, 
0101 and 1101. The setting of the button 
valves (circles) represents the primary addi 
tion, the logic element described here perform- 
ing only the carry operations. 
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ALGO 


FOR THE BENDIX G-15 COMPUTER 


Speeds and Simplifies Problem Solving 


ALGO extends the problem-solving horizon of every engineer, focusing the speed and 
precision of the Bendix G-15 computer on any algebraically stated problem. @ A true 
mathematical equation solver, ALGO permits any engineer or scientist to program the 
computer in universal mathematical language. No previous knowledge of computers or 
programming is needed. Input/output, computation and data handling are all automatically 
controlled by the G-15 computer. @ Compare the number of steps in the ALGO program 
illustrated below with the number required to solve the same problem on a slide rule, desk 
calculator or any other computing system. You will see the time and cost-saving significance 
of this new Bendix G-15 automatic programming aid. @ Specifically designed to take ad- 
vantage of the computing power and flexibility of the proven G-15, ALGO is the newest 
addition to an extensive library of Bendix automatic programming systems. See how the 
low-cost Bendix G-15 and ALGO combine to broaden application boundaries. Learn how 
this powerful team can save you valuable time...and greatly simplify problem solving. 

* AN ALGEBRAIC COMPILER BASED ON INTERNATIONAL ALGOL. 


; »f 
om = 
VR? + (6.2832 FL — 1/6. 2832 FC)’ . 


(For values of RF & L as specified. For values of E ranging from 100 to 300 in increments 
of 50. For values of C ranging from .00002 to .000021 in increments of .0000001 ) 





PROBLEM: 








COMPLETE ALGO BEGIN © 

PROGRAM: R = 10@ 
F = 60© 
L = o26 
FOR E = 100(50)300 BEGIN © 
FOR C = 000002(00000001)0000021 BEGIN © 
1] = E/SQRT(R Tf 2 + (602832 * F *.L — (1/(602832 « F *C))) T2) © 
PRINT (FL) = E® 
PRINT (FL) = C © 


_ PRINT (FL) =1 © 
& ae e —_— P _ 
a Sap ema gas oe ei a 


sige 


Write on your letterhead for the self-teaching ALGO manual. 


Bendix Computer Division” 


DEPT.W-23 LOS ANGELES 45, CALIF. 





Recorder Checks 


Automobile Performance 


S. H. COOMBS 
S. Sterling Co. 


Trailing a fifth wheel behind a 
vehicle is a common method for de- 
termining velocity and acceleration 
characteristics. But a unique recording 
circuit used with the fifth wheel gives 
better results than the former manual 
method of transcribing the fifth 
wheel’s voltage signal. ‘Tedious graphi- 
cal differentiation is no longer neces- 
sary, and since recordings are automa- 
tic, observer reaction time cannot in- 
troduce error. Also the device records 
wheel spin, shift point, and other ir- 
regularities that did not show up on 
conventional plots. 

To get velocity readings, a tachom- 
eter is mounted on the fifth wheel. As 
the car moves, the tachometer gener- 
ates a de voltage proportional to the 
car’s speed. The dc voltage signal is 
the Y input of an X-Y recorder, where 
a pen, calibrated in miles per hour, 
makes a plot of velocity vs time. By 
replacing the tachometer with a strain 
gage accelerometer and the necessary 
balance circuitry, a plot of acceleration 
vs time is similarly obtained. 

Figure 1 shows the unit with a 
laboratory-built time base generator. 
A 10-kilohm continuous rotation po- 
tentiometer, driven by a synchronous 
motor, supplies the X-axis input. A 
1.34-volt exciting voltage comes from 
a mercury cell. As the motor drives 
the potentiometer arm, the recorder 
receives a voltage that increases 
linearly with time. 

Because of the inertia of the motor 
and potentiometer when starting from 
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Automatic 
system can be 


rest, results are more accurate when 
the motor runs continuously and en- 
gages the potentiometer through an 
electric clutch at the start of a cycle. 
How it works 

The operating procedure can be fol- 
lowed in Figure 1. To prepare for a 
test run the main power on switch 
SW 4 energizes the inverter and relay 
RL 2. The inverter supplies ac for the 
time base synchronous motor and the 
X-Y recorder. Relay RL2 also readies 
the time base circuits. Vehicle bat- 
tery power supplies the unit through 
a polarity reversing switch to insure 
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FIG. 2. 


Acceleration vs time for a 10-sec test of a late model passenger car. 


Irregularities in the curve are due to fifth wheel hop and noise. 
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performance measurement circuits 
switched between acceleration and velocity 


(Spring return) 


Diagram at lower right shows 
measurements 


that the chassis and vehicle frame are 
at the same potential. The length of 
the test run, either 10 or 20 sec, must 
also be preselected. These time inter- 
vals were chosen empirically. 

The unit is triggered either by the 
accelerator pedal switch or a manual 
switch on the console. This energizes 
the electric clutch that is attached to 
the shaft carrying the Seger 
and the three cams: 10-sec stop, 20-sec 
stop, and hold. As the shaft starts to 
revolve, the hold cam allows the nor- 
mally open SW1 to close, thus holding 
the clutch ‘energized. 

At the end of the preselected time, 
one of the timing cams opens SW2 
or SW3, depending on the time base 
selection, thus operating RL1. This in 
turn opens the potentiometer X-axis 
circuit, deenergizes the clutch, and 
lifts the pen from the recorder. 

To zero the time base cams and 
repeat the cycle, the reset switch is 
held in, energizing the clutch through 
switch SW1 until the hold cam allows 
SW 1 to open. This turns on the ready 
light and opens the clutch circuit. 

Figure 2 shows an acceleration vs 
time ‘plot for a late model production 
automobile. The initial acceleration is 
slightly over 0.55; the marked change 
in acceleration at the shift point is 
the result ‘of an incorrectly adjusted 
automatic transmission. 
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DESIGNED ESPECIALLY FOR MISSILE CIRCUITRY 
AND MAXIMUM RELIABILITY APPLICATIONS 
The “Golden-D"” Cannon Plugs are engineered to 
deliver superior performance in a subminiature 

sizel Supplementing our famous standard 

= D-Subminiature line, the ‘‘Golden-D" has these 


new design features: e MONO- 


| SUBMINIATURE BLOC INSULATORS e PROBE- 
PROOF CLOSED-ENTRY SOCKET 

CONTACTS e LOW ENGAGE- 

MENT/SEPARATION FORCES e GOLDEN CADMIUM 

SHELL FINISH e MATES WITH ANY CANNON “D" OF 

SAME SIZE AND LAYOUT, Wherever maximum reliability 


is needed in a submini- 
ature multi-contact plug—for both military 
and industrial applications—ask for the new 
“Golden-D"’...another reason why you should con- 


* 
vy 
< 
& 
t 


tact the world’s most experienced plug manufac- 
turer for a// your plug requirements. The “‘Golden-D"” 
is available in four types with a large variety of 
contact layouts. For further information write to: 


CANNON ELECTRIC COMPANY, 3208 Humboldt St., Los Angeles 31, Calif. 


THREE AND ONE-HALF TIMES ACTUAL SIZE. 
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NEW PRODUCTS 


MATCHED SIZE 5 LINE now 
includes all components. 


Available from one supplier for the first time is a com- 
plete matched line of Size 5 (nominal 4-in. diam) rotat- 
ing electromechanical components. A unique design tech- 
nique allowed all components to be designed around 
normal 26-volt excitation and resulted in better perform- 
ance. 

The synchro part of the line was designed using a new 
completely automatic computer design optimizing proce- 
dure. The computer, an LGP-30, was programmed to 
optimize the product of flux and QO by solving an expres- 
sion involving some 70 differential equations. The pro- 
gram is called completely automatic since the computer 
was not asked individual questions (what would happen 
if? . . .) but was given all the parameters plus external con- 
straints (outside diameter, stack length, impedance level), 
and it plunged ahead until an optimum design was 
printed out. The results involved optimum dimensions, 
wire sizes, number of turns, air gaps, tooth widths, bore 
diameters, and core thicknesses. 

By the use of this design technique, said to be the first 
such automatic procedure applied to design of these com- 
ponents, the Size 5 synchros have been made electrically 
compatible with larger units. 

Included in the matched line are a servomotor and 
low null damping motor-generator (right) and a standard 
damping and a high signal to noise ratio damping motor- 
generator. The synchro components (right) include a con- 
trol transmitter, control differential, high and low imped- 
ance resolvers, and high and low impedance control trans- 
formers. Typical characteristics of the high impedance 
control transformer, for instance, are open circuited rotor 
impedance, 2,390 ohms /73 deg; open circuited stator 
impedance, 550 ohms /74 deg; and transformation ratio 
(stator-rotor), 1.765 12 deg.—Kearfott Div., General 
Precision, Inc., Little Falls, N. J. 

Circle No. 309 on reply card 


Servomotor 

Stall torque: 0.1 oz-in. Bae sty 
Power input: 1.7 watts/¢ Me 
Theoretical acceleration: 

40,500 rad/sec? 
No load speed: 9,500 rpm 
Rotor moment of inertia: 

0.175 gm-cm’ 
Length: 0.968 in. 
Weight: 0.68 oz 


Synchro 


Max null voltage: 

44 mv rms 

41 mv fundamental 
Max error: 10 min 
Length: 1.24 in. 
Weight: 0.9 oz 


Low null damping motor-generator 
Output: 0.1 volt/1,000 rpm 
Null: 10 mv rms 
Stall torque: 0.1 oz-in. 
Power input: 1.5 watts/@¢ 
Theoretical acceleration: 
28,600 rad/sec* 
Rotor moment of inertia: 
0.247 gm-cm* 
Length: 1.507 in. 
Weight: 1.05 oz 


INNOVATIVE POTENTIOMETER uses 
strain gage, not slidewire. 


In this new ElectroniK 17 potentiometer a rugged, long 
lived strain gage rebalancing element has been substi- 
tuted for the classical but often troublesome slidewire. In 
addition, complete redesigning and repackaging of this 
widely used type of instrument means reduced size, ease 
of calibration, and simple, fast changeovers of basic instru- 
ment functions in the plant. Particular benefits to the 
customer claimed by the manufacturer are a considerable 
price reduction—perhaps as much as one-third saving com 
pared with its Class 15 potentiometer—and the ability to 
mount two ElectroniK 17’s side-by-side on a 19-in. rack. 

Heart of the Class ‘17 potentiometer is the four-wire 
Stranducer strain gage element which electrically re 
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balances the instrument. The wires 
vary in resistance in proportion to the 
applied tension. Connected in a 
bridge circuit, the strain gage controls 
the magnitude and polarity of the 
feedback voltage in the measuring cir- 
cuit. The Stranducer is linked me- 
chanically to the balancing motor 
through sector and strap motion-re- 
duction stages and a drive cable. 
When the recording pen moves 
through its full 6-in. span, the wires 
stretch only 0.012 in. Many Stran- 
ducers have been tested through sev- 
eral million cycles each during the de- 
velopment of this instrument, and 


plans have been made to cycle each 
production Stranducer several million 
times before inspection and _installa- 
tion into the instrument. 

The Class 17 line includes two 
circular scale instruments—a one-pen 
recorder and a one-pointer indicator— 
and a one or two-pen strip chart re- 
corder. ‘T’o these basic potentiometers 
can be added either on-off or continu- 
ous control. On-off control is obtained 
through integrally mounted sets of 
contacts (and narrow deadband re- 
lays) whose zones can be easily and 
sensitively set from the front panel. 
Once set, the zones float with the 
main index setting. Additional, non- 
floating contacts can also be installed. 
Continuous control is available by 
connecting the potentiometer to any 
of the manufacturer’s standard con- 
troller lines. 


The potentiometer’s amplifier can 
be obtained in either a vacuum tube 
version (with a power transistor) or a 
completely transistorized version at ex- 
tra cost. Careful attention to elec- 
tronics design offers accuracy within 4 
percent; 0 to 5-mv minimum span as 
standard, with optional 0 to 1l-mv 
span; common mode noise rejection of 
up to 150 volts at 60 cps; elimination 
of loop signals induced between pri- 
mary element and instrument input; 
and a variable source impedance up to 
25,000 ohms—all without discernible 
zero shift, dead spot, or effect on pen 
damping. Most significant is a single 
automatic cold junction compensator 
suitable for all thermocouples and all 
ranges.—Minneapolis-Honeywell Reg- 
ulator Co., Brown Instruments Div., 
Philadelphia, Pa. 

Circle No. 310 on reply card 
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DATA HANDLING 
& DISPLAY 


MULTICONTACT SWITCH 


Shown above is one model of a new 
line of high capacity data switches for 
multicontact temporary or permanent 
switching. The unit above has 40 
single pole switches which can be 
manually positioned to select one of 
56 contacts on glass fiber printed cir- 
cuit boards. Knurled edges and high 
visibility of markings allow rapid set- 
ting of messages or programs. Modu- 
lar construction permits assembly in 
various forms to meet requirements of 
manual data insertion for computers, 
test equipment, process control, etc. 
Compact design extends only 6 in. be- 
hind mounting panel, and switches 
can be stacked as close as 12 in less 
than 5 in.—Instrument Systems Corp., 
College Point, N. Y. 

Circle No. 311 on reply card 


CRT REMEMBERS 2 HOURS 


The phosphor in the screen of this 
cathode ray tube is able to retain and 
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indicate signals up to 2 hr after they 
have been received. Within this 
memory span the tube can present the 
signals, over and over again, up to a 
total readout time of 1 min; high in- 
frared energy erases them. Originally 
developed for a marine radar applica- 
tion, the 10-in. tube is now available 
for applications where brief, frequent 
displays and fast erasures are necessary. 
Tube uses magnetic deflection and 
electrostatic focus. Price: $110.—Ray- 
theon Co., Industrial Components 
Div., Newton, Mass. 

Circle No. 312 on reply card 


NEEDS NO CALIBRATION 


This adjustable span and zero recorder 
features settings on calibrated dials; 
no external calibration is necessary. 
Span accuracy is within 4 percent of 
set value, and zero setting is also ac- 
curate to within 4 percent. Span of 1 
mv and cross chart speed of 1 sec are 
standard. Zener diode provides con- 
stant voltage. Calibrated zero vernier 
can be set from 0 to 50 mv of suppres- 
sion. Span is continuously adjustable 
from 1 to 20 mv. Amplifier gain is 
over 1 million.—Barber-Colman Co., 


Wheelco Industrial Instruments Div., 
Rockford, Ill. 


Circle No. 313 on reply card 


DIRECT RECORDER 


Six and eight channel 40-mm ink or 
inkless traces are provided on rec- 
tangular or curvilinear charts by these 
new direct writing recording systems. 
Units incorporate medium gain dc 
amplification with basic sensitivity of 
10 mv per chart division and frequency 
response of de to 120 cps within 3 db 
at 10-mm peak amplitude, with dif- 
ferential or single ended input. Input 
impedance is 1-10 megohms. Event 
and time data recording are available, 
as is pushbutton selection of chart 
speeds of 1-250 mm_ per sec.—Pho- 
tron Instrument Co., Cleveland, Ohio. 

Circle No. 314 on reply card 


PLUS... 

(315) Amperex Electronic Corp., 
Hicksville, N. Y., has what it calls 
the world’s most complete line of gas- 
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Constructive discontent at Ampex... 


... has been setting instrumentation standards for years 











“Everything Ampex recorders stand for — service, quality, 
reliability, technological leadership — stems from this atti- 
tude. 


“The first commercial ‘live-quality’ audio recorder was de- 
veloped by Ampex because of the disc record’s fidelity draw- 
backs. Discontent with the capabilities of all data recorders 
using visual traces spurred Ampex’s evolution of special pur- 
pose magnetic tape data recorders. Frequency limitations 
bothered us, so we gave you the 4-megacycle FR-700. 


“A need for compact equipment with high performance 
caused us to introduce the CP-100 — a transistorized 200 ke 
14-track data recorder less than 7 cu. ft. small. Striving for 
versatility and high efficiency, we perfected the FR-600; it 
records 500 kc at 120 ips — double the previous standard, 
but still fully compatible. 


For detailed information on the complete Ampex line of data recorders, write: 


AMPEX INSTRUMENTATION PRODUCTS COMPANY 
Box 5000, Redwood City, California 


“And we were even constructively discontented with the way 
we made these advanced recorders available to you. Now, 
Ampex instrumentation recorders can be leased or purchased 
on time as well as outright. You can free working capital for 
other projects, and invest in your Ampex data recorder as it 
works for you.” 


Some significant specifications: 

AR-300, FR-700: 10 cps to 4 mc +3 db; 12% and 25 ips record 
and playback. FM recording. Two data, two auxiliary tracks. 
2” tape, 10%” reels. AR-300 airborne record only. 

CP-100: 300 cps to 200 kc +3 db at 60 ips; 60, 30, 15, 742, 3%, 
1% ips with proportional response. Direct or FM recording. 
All-transistorized. 42” or 1” tape, 1012” reels. 

FR-600: 300 cps to 500 kc +3 db at 120 ips; 60, 30, 15, 7%, 
3%, 1% ips with proportional response. Direct, PDM or FM 
fp by plug-in modules. 4%” or 1” tape, 10%” or 14” 
reels. 


AMPEX 


Experienced engineers eager to contribute to Ampex’s pioneering reputation are invited to write the Manager, Technical Recruiting. 

















PRECISE 
STAR 
TRACKER 


A celestial navigation system called 
for a tracking device capable of estab- 
lishing a line of position within an 
accuracy of 300 feet. Kollmorgen 
came up with a constant deviation 
elevation system that positions a mov- 
able mirror, in relation to the fixed 
elements, to a repeatable accuracy 
of better than 5 parts in a million. 


This compact package represents a 
combination of highly precise opti- 
cal and electronic units in a housing 
only 6 x 6 x 10 inches. Kollmorgen’s 
project from concept to installation, 
it is a typical demonstration of the 
company’s scientific, engineering and 
manufacturing skills in optics, elec- 
tronics, mechanics. Example: the pre- 
cision optics (a prism and two mirrors) 
are of Kollmorgen manufacture. So, 
too, are the Inland torque motor*, 
the gearing and other precision-ma- 
chined parts. 


Our motive in this message: Koll- 
morgen offers proven capabilities in 
optics, electronics and precision ma- 
chining of metal components. . . cap- 
abilities which could solve your 
problems in missile tracking, fire 
controls, navigation, or...? 


Present us with a problem. 


*Product of Inland Motor Corporation 
of Virginia, a Kollmorgen subsidiary. 
Dept. 5-2 


K | OLLMORGEN 


CORPORATION 
NORTHAMPTON, MASSACHUSETTS 
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filled visual indicators and cold ca- 
thode trigger tubes now available. 
. . - (316) High resolution never be- 
fore obtained in an_ electrostatic 
printing tube is available in the 
Printapix B3C2 CRT now being sold 
by the Electron Tube Div., Litton 
Industries, San Carlos, Calif... . (317) 
The precision X-Y recorder Model 
2DR available from F, L. Moseley 
Co., Pasadena, Calif., draws Cartesian 
coordinate curves automatically from 
two related de sources, along with 
other operational modes. 
Circle No. 315, 316, or 317 
on reply card 


RESEARCH, TEST, 
& DEVELOPMENT 


CALIBRATES FLOWMETERS 


A newly announced flow rate com- 
parator has been developed to labora- 
tory standard quality to compare, 
calibrate, and check accuracy of liquid 
flowmeters. Orifice, rotameter, and 
turbine types can be tested. Flow 
rates of 0-800 Ib per hr can be ac- 
commodated. Flowmeters can _ be 
tested without removing them from 
their installation. Comparator’s op- 
eration is based on dynamic weighing 
principle: it electronically times the 
flow of a known weight of liquid. Ex- 
ternal electronic counter is needed 
for readout. Accuracy is to within 
+ 0.025 percent; sensitivity is to 
0.0215 percent—Simmonds Precision 
Products, Inc., Tarrytown, N. Y. 
Circle No. 318 on reply card 


VIBRATION METER 


This double integrating vibration me- 
ter provides standardized output sig- 
nals of displacement, velocity, and 
acceleration from any piezoelectric ac- 
celerometer, making it useful in cali- 


brating such devices, as well as velocity 
pickups. A novel sensitivity dial allows 
adjusting accelerometer sensitivity to 
give output of 1 volt per in. displace- 
ment and 1 volt per g acceleration. 
Velocity signal is standardized at 96.4 
mv (rms per in. per sec).—Upholtz- 
Dickie Corp., Hamden, Conn. 

Circle No. 319 on reply card 


ISOLATES INTERFERENCE 


An old problem in missile testing, 
electromagnetic interference, can be 
isolated in a new checkout console 
called the EMI Test Console 101. It 
is an integrated unit to detect, meas- 
ure, and analyze EMI in complex mis- 
sile and aircraft electronic circuits. 
In one project the manufacturer used 
the console on tests of its own mis- 
sile production and saved a total of 
$18,650 per missile in direct and in- 
direct cost. 


Characteristics: 


Frequency range: 0 to 400 Mc (ex- 
tendable with auxiliary equipment) 
Linearity: within 1 percent 
Stability: within 2 percent over 90 
days 
Power requirements: 7 kw, 60 cycles, 
440 volts standard 
Active data channels: 100 
—Norair Div., Northrop Corp., Haw- 
thorne, Calif. 

Circle No. 320 on reply card 


TORQUE TESTER 


The torque table shown above is 
designed for measuring the torque 
characteristics of hydraulic pumps 
and motors in the range from 50 oz- 
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in. to thousands of pound-inches. No 
limitation is made by the table on 


speed of rotation or friction since no | 


bearings, slip rings, brushes, or other 
friction sources are used. Basically 
the tester is a reaction dynamometer 
which senses torque by means of 
special flexures to which bonded strain 
gages are attached. Price $2,100.— 
Lebow Associates, Inc., Oak Park, 
Mich. 

Circle No. 321 on reply card 


PRIMARY ELEMENTS 
& TRANSDUCERS 


RETAINS POSITION 


This unique synchro-receiver com- 
bines an integral brake in a MIL unit 
to lock in a received position; the syn- 
chro can then act as a transmitter. 
One possible application: when a mis- 
sile is fired from a nonstable platform, 
the missile’s relative position at firing 


is retained by the receiver and trans- | 


mitted to correct firing position. Syn- 
chro is 26-volt, 400-cycle with 1.5-deg 


error; brake solenoid operates on 35 | 


or 115 vde. Dimensions are 2% x lv 
in. diam; weight is 44 oz.—John Oster 
Manufacturing Co., Avionic Div., 
Racine, Wis. 

Circle No. 322 on reply card 


LOW COST IR CELL 


Now available in quantity is a low cost 
general purpose lead sulfide detector 
sensitive to visible and intermediate 
infrared radiation in a range of 0.7-2.7 
microns. The cell, designed for in- 
dustrial applications, has a mean time 
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These CEC transducers 
measure pressures in rugged 


HIGH TEMPERATURE AND 
NUCLEAR ENVIRONMENTS 


Here are the two best high temperature pressure measure- 
ment instruments in their range: CEC’s 4-316 and 4-317 
Strain Gage Pressure Transducers. 


They operate continuously and accurately at temperatures to 
600°F. in a variety of applications—from engine and struc- 
tural testing for the aircraft and missile industry to use in 
the high radiation environment of nuclear reactor cores (see 
photo above). In cryogenic laboratory applications, they are 
operable down to 1/10 of a degree Kelvin. 


Low Pressure Type 4-316 more than 
doubles the temperature range of 
ordinary pressure transducers...can 
actually. withstand 650°F. It is avail- 
able in gage or uni-directional dif- 
ferential models in pressure ranges 
of 0-15, 25, 50, 100 and 150 psig or 
psid. In bi-directional differential 
models, the 4-316 is operable in 
pressure ranges of + 7.5, + 12.5 and 
+265 psid. Bulletin CEC 4316-X2. 


High Pressure Type 4-317 measures 


gage pressures of from 100 to 5000 
psi at 600°F. A special cooling adapt- 
er used with the instrument extends 
its range to 2000°F. Bulletin CEC 
4317-X2. 


For further information, write for bul- 
letins or call your nearest CEC sales 
and service office. 


: , “a .— 6 


CONSOLIDATED ELECTRODYNAMICS / pasadena, california 


Belle Howell - 








AO TRACEMASTER 


ODUCES SuRREOR 
DEFINITION AND 


UNIFORMTY oF TRACE 


The unique carbon transfer writing method 
of AO’s TRACEMASTER 8-channel re- 
corder provides a trace that is a minimum 
of 2-3 times finer than that of any other 
direct writing recorder. The trace shown 
above, taken from a TRACEMASTER rec- 
ord, is an excellent example of the fine trace 
...each line is separate and distinct, and re- 
veals significant detail with great clarity. 
This allows twice as many lines per millime- 
ter, or twice the definition, possible with any 
other recorder. Notice, also, how the line 
width and line contrast remain uniform 
through a chart speed change of 5:1, and 
through the coincident amplitude change. 
You continue to see complete signal infor- 
mation. ‘ 

Superior definition— due to uniform, fine 
line and excellent contrast—is just one of 
the many reasons why the AO TRACEMAS- 
TER is the world’s finest direct writing re- 
corder. W rite for complete information, now! 


American Optical Company 
Instrument Division «* Buffalo 15, New York 


Ps BS 
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constant of 375 microsec and a dark 
resistance range from 500 kilohms to 
1.5 megohms. Price in dual prong 
plastic housing: $6.15 each in quanti- 
ties of 12.—Tupper Trent Co., Inc., 
Chelsea, Mass. 


Circle No. 323 on reply card | 


| MILL MONITOR 


| Reliability and versatility in the op- | 
| eration of complicated mill control 
| systems is offered by this memory-type 
| fault detector. 
| the circuit or contact and indicates 


The device monitors 


any malfunction so that troubleshoot- 


| ing is simple and direct. The unit is 


arranged so that any change in state 
in the monitored circuit beyond a 


| time delay interval will trigger a con- 
| trolled rectifier and turn on a high 
| intensity light. Modules of eight cir- | 


cuits are packaged for mounting on 

control boards.—Allis-Chalmers Manu- 

facturing Co., Milwaukee, Wis. 
Circle No. 324 on reply card 


| SENSES MAGNETICALLY 


A position transducer using noncon- 
tact magnetic heads has been devel- 
oped for machine tool automation sys- 
tems. Reported to reduce wear, the 


| transducer senses shaft rotation and | 
| produces digital pulses which measure 


linear motion. In typical applications 
the unit detects 0.0001-in. increments 
at position speeds up to 120 in. per 
min or 0.001-in. increments at 200 in. 
per min. Small size and low torque 
load are also featured. Price (without 
electronics): $295.—Rheem Electronics 


Div., Rheem Mfg. Co., Los Angeles, 


Calif. 
Circle No. 325 on reply card 


SENSITIVE LEVEL SENSOR 


So sensitive is this transistorized level 
control that even distilled or de-ionized 
water will complete the 15-microamp 
circuit through the probes. Features 
include choice of single point or 
differential level control, sensitivity 
adjustment for liquids of various con- 
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which 
comes first... 


eee oe 


the relay or 
the need? 


Engineers at Elgin Advance are con- 
stantly working to keep Elgin Advance 
Relays up to the state-of-the-art. They 
strive to make each relay you buy today 
the relay you need today. When you 
specify relays, specify Elgin Advance — 
you'll get the relay that matches your 
needs. 


FOR EXAMPLE: The low cost GH Series, 
General Purpose Relay 


GHA — 5 amp resistive contact rating 
GHB — 10 amp resistive contact rating 
GHE — 5 amp plate-circuit type 


Contact arrangements are SPDT, DPDT 
and 3PDT 


GHA and GHB AC pull-in power is from 2 
to 3VA; DC from 1 to 2 watts 


GHE pull-in power is from 130 to 350 MW 
depending on contact arrangement 


Available enclosed in a dustite trans- 
parent cover or unenclosed 


Enclosed relays available with 8-pin 
octal plug (SPDT, DPDT) and 11-pin 
plug (3PDT) 


Open relays available with solder lugs or 
printed circuit tabs 


Available in a wide variety of AC and DC 
coil voltages and resistances 


ELGIN advance RELAYS 


THE ELECTRONICS DIVISION OF 
ELGIN NATIONAL WATCH COMPANY 
2435 N. NAOMI ST., BURBANK, CALIF. 
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ductivites, and thermistor compensa- 
tion to cancel effects of changing am- 
bient temperatures. The weather-tight 
unit actuates an spdt relay that handles 
15-amp loads. Price without probes is 
$70; probes can be shop fabricated or 
ordered from the manufacturer.—Pre- 
cision Thermometer & Instrument 
Co., Philadelphia, Pa. 


Circle No. 326 on reply card 


CONTROLLERS, 
SWITCHES & RELAYS 


TRAVEL’S ADJUSTABLE 


Simply by turning a knurled wheel 
on the top of this miniature switch, 
travel can be varied from 0.0025 to 
0.007 in. This changes operating 
force from 12 to 32 oz and differential 
force from 2 to 15 oz. Release force, 
however, remains 10 oz regardless of 
setting. Designated 10BS210, the 
switch is rated at 20 amps at 120, 250, 
or 460 volts and is said to have a 
mechanical life of over 5 million op- 
erations. Single unit price: $3.50. 
Micro Switch Div., Minneapolis- 
Honeywell Regulator Co., Freeport, 
Ill. 

Circle No. 327 on reply card 


NE ST oF OR 


10-POINT CONTROLLER 


Accurate automatic two-position con- 
trol for up to 10 processes is provided 
by a new multipoint electronic tem- 
perature controller. The instrument 
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FOR MEASUREMENT 
¢ Hot water boilers 
® Cooling towers 

© Power 








OF HEAT TRANSFER IN 
© Refrigerating systems 
e Chemical processing 

applications 














Now a single recorder can provide data 

| on BTU, flow, and differential tem- 

perature, plus BTU totalization. This 

| new unit incorporates components 

| proven in hundreds of applications. Its 

| operation is indicated in the diagram 
below. 

The ang ene yen: of the liquid as it 

enters the heat exchanger is measured 

| by a platinum resistance temperature 


element. Another similar element meas- 
ures liquid temperature leaving the ex- 
changer. A Hays model 245 flow trans- 
mitter measures liquid flow through 
the process. These variables are re- 
corded, retransmitted and multiplied. 
The product is then transmitted to a 
BTU receiver which records rate of 
BTU gain or loss, and to an integrator 
totalizing BTU’s gained or lost. 
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The features of the new Hays BTU Meter include: 


e Only one unit for recording BTU, differ- 
| ential temperature, fluid flow and total- 
izing BTU 
| e Increased accuracy. No loss by transmis- 
sion between recorders. 
Accuracy specifications include: 
Differential temperature: within + 0.5% 
chart calibration 
Flow: within + 0.25 maximum trans- 
mitter differential 
BTU Record: slightly over 1% over en- 
tire range of Delta T at 70% to 100% 
of fluid flow 


Model 913 BTU Meters can be adapted 
to any 20° F minimum to 180° F 
maximum fluid temperature differential 
span on operating temperatures of from 
32° F to 500° F for the stated accuracies. 
Greater temperature difference spans 
can be handled with corresponding 
change in accuracies. itamdena models 
have been developed for chilled or hot 
water. Modifications permit use with 
other fluids. 


A new bulletin, 58-B913, contains 





oe information of the new Hays 
BTU meter. Write for your copy today. 


e Easy to install 


Accurate and easy checking of BTU 
record 


Easy to service. All components readily 
accessible 


Fast response due to electronic rebalanc- 
ing of three transmitted signals 

Narrow differential temperature ranges 
available for maximum accuracy and sen- 
Sitivity 

Switches can be added for alarm or 
safety purposes 


oy 


c ORATION 


MICHIGAN CITY, INDIANA 
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inventive accomplishment in temperature sensing 


from HARCO one 


complete line of 
standard parts and 
techniques to meet the 
exacting demands of 
modern oe 
poh 8 E . Standard 
or specia: applications. 


CONNECTORS 


accommodate —_— 
possible number of 
thermocouples in 
smallest space. 
have the mechanical 
strength and He baat cae 
resistance necessary to 
meet severe 
emdengenantes out 
Bulletin 185. 


COMPLETE LINE OF 
METAL SHEATHED 
THERMOCOUPLES 


especially for rapid, “e ; for acce 

accurate, economical = ; differen 

temperature sensing a conf 

applications industry-wide. availa 

Accuracy of calibration readout within + 

wel within recommended Bulletin 201. 
1.S.A. limits. Bulletin 161. 


= «(Y WEW T/C REFERENCE 
JUNCTION COMPENSATOR 
Pee. completely eli t 

; need for Derorkene 
ice bath as'reference 
temperature source in 
thermocouple calibration. 
Several models, 

‘ all with 


fifteen channels. 
Suletq 201. 





THERMOCOUPLE THERMOMETRY... PRECISION 
DEVICES FOR TEMPERATURE SENSING 


All HARCO equipment... thermocouples, special potentiometers, 
pulse dividers, extension leads, pressure probes, and the devices 
shown above...is subjected to rigorous quality-control and in- 
spection procedures to ensure performance accuracy and reliability, 
in application after countless application. 

Because of today’s rapid advances in both equipment and process 
development, the number of different temperature .problems is 
increasing greatly... asis the close degree of accuracy and certainty 
required in their solution...and there is HARCO equipment to 
assist the solution of any such problem, however unique. 


For further information on any HARCO product mentioned, 
write for specific literature, or ask for the name of the 
HARCO representative near you. If no 

standard HARCO device suits your special needs, 

we'll design a special one for you. Inquire. 


_HARCO 








LABORATORIES 7/7. 


DEPT. CE e 77 OLIVE STREET * NEW HAVEN, CONNECTICUT | 
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also can be used as a single point con- 
troller, a five-point, three-position con- 
troller, and a manual balance control- 
ler. Any points not used for control 
of a multiple temperature process can 
monitor other processes. The device 
combines a sensitive null-balance po- 
tentiometer measuring circuit with an 
electronic control system. It is adapt- 
able to any installation requiring on- 
off control. Accuracy is to within 
+0.5 percent of range.—Thermo Elec- 
tric Co., Inc., Saddle Brook, N. J. 


Circle No. 328 on reply card 


PORTABLE CENTER 


A portable control center, which can 
turn on or off up to eight separate 
switches at _any time interval from 30 
millisec to 2 years, can be set up quick- 
ly and changed or modified in only 
a few minutes. Unit is controlled by 
eight-channel punched tape for auto- 
matic, semiautomatic, or manual pro- 
gramming. Each channel incorporates 
an spdt latching relay csanaled by 
the tape. A neon light indicates the 
state of each channel, and a control 
switch allows manual control. Price: 
$895.—Crestmont Electronics Div. of 
Crestmont Consolidated Corp., Bur- 
bank, Calif. 


Circle No. 329 on reply card 


POWER SUPPLIES 


TRANSIENT FREE 

This new regulated dc power supply 
eliminates transistor-ruining transients 
and is excellent for testing of transis- 
tor loads since it uses a dynamic regu- 
lation circuit with instantaneously re- 
acting transistors. Static regulation is 
by magnetic amplifiers. Output is 0-36 
volts at 5 amp. Dynamic line regula- 
tion is within 15 mv, and maximum 
ripple is within 2 mv rms. The supply, 
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designated MTRO36-5A, is mounted | 
in a 54-in. rack and is short-circuit- 
proof, fuseless, has no turn on trans- 
sient, and has adjustable automatic 
current limiting.—Perkin Electronics 
Corp., El Segundo, Calif. 

Circle No. 330 on reply card 


HIGH PRESSURE, LOW FLOW 


According to the manufacturer, this 

hydraulic power supply meets a re- 

quirement not yet met by other com- 

mercially available units: a high pres- 

sure, low flow supply. Pressures to wee 
2,000 psi are delivered at only 0.5 | eeLe rats stl gw 
gpm. The high pressure permits using Vy 

smaller piston sizes, reducing the over- . 

all size of the control system. A speaking... 
nitrogen accumulator is used to re- o~ | 
move pressure drops and surges. High 

reliability switch regulates system pres- 

sure to within +50 psi. Pump drive 

can be 220 or 440-volt, three-phase, 


1e rice oT: ‘ = r . . . 
60-cycle. Prices start at $800. -Sys- ... We've really hit the jackpot with the new DIEHL 
tem Analysis, Inc., Endicott, N. Y. Vacuum Tube Servo Amplifier. For response, linearity and 
Circle No. 331 on reply card wer output, this new servo amplifier just can’t be beat. 
ere are five reasons why: 
Continuous power output of 75 watts—drives DIEHL 
servomotors up to 25 watts 60 cycle, 15 watts 400 cycle. 
Minimum phase shift at carrier frequency. 
Plug-in input modules accept a wide range of AC and 
DC voltages. 
Proven vacuum tubes and printed circuitry assure max- 
imum reliability. 
e Separate amplifier and power supply chassis plug 
together. 
Whatever the ueseetinn. you'll find this newly perfected 
Vacuum Tube Servo Amplifier by DIEHL a welcome new 
standard of dependability and convenience. Why not get 
all the facts today? For additional information and/or 
applications assistance, contact: Diehl Manufacturing Com- 
pany, Somerville, New Jersey. 


4176 


SEE US AT IRE SHOW 
SPECIFICATIONS BOOTH 1913-15 


ABSOLUTE SOURCE 


Absolute voltage accuracy to within 

0.0075 percent and current accuracy 

to within 0.025 percent makes this dc 

supply suitable for use as a portable 

secondary standard. Stability for volt- 

age outputs is to within 0.003 percent; 

current, to within 0.005 percent. tA Trademark of THE DIEHL MANUFACTURING COMPANY 
Voltage outputs are 10.000 vdc at 0-20 DIEHL MANUFACTURING COMPANY 

ma and 1.000 and 1.0185 vde for po- A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 
tentiometric use. Current outputs are Somerville, New Jersey 
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Lb/min 
Gal/hr 
Ft/sec 
RPM 

Mach No. 


Now you can read them all... 
directly, instantly with 

Erie Instru/mation Model 740 
Frequency Counter and 
Preset Translator 


Model 740 is designed for monitoring any 
frequency to 120,000 cps and converting di- 
rectly to physical units using standard trans- 
ducers. One example is in flow calibration 
systems for engines or turbines where Ib/sec 
or gal/min of flow is a requirement. Rate 
measurement applications include flow, 
linear velocity and production monitoring 
{articles or volume per unit time). Physical 
units of interest (e.g. Ibs/hr) are displayed 
with in-line NIXIE readout. The Model 740 
can also be used as a preset time interval 
generator and periodic or random event 
counter. 

Modular construction, manual or automatic 
recycling and fine increment time base selec- 
tion are other quality features that make the 
740 an outstanding instrument. Write for 
complete technical information to: 


ERIE PACIFIC, DIVISION OF 


ERIE RESISTOR CORPORATION 
12932 S. Weber Way 
Hawthorne, California 
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7.5 and 10 ma at 0-16 vde. Input re- 
quired is 105-125 volts, 47-440 cps, 
30 watts. Price: $1,075—Rotek In- 


. strument Corp., Cambridge, Mass. 


Circle No. 332 on reply card 


ACTUATORS & 
FINAL CONTROL 
ELEMENTS 


INSTANTLY REVERSIBLE 


These hydraulic motors feature low 
speed and high torque. Instantly re- 
versible, they develop a maximum of 
3,300 Ib-in. torque at 1,500 psi with 
intermittent pressures up to 2,000 psi. 
Top speed of the smallest power ele- 
ment is 800 rpm with a maximum 
torque of 500 Ib-in. at 1,500 psi. 
Length is 6.5 in. and diameter is about 
3.25 in. There are four types of 
mounting, three port sizes, and six 
power elements available. All models 
are priced below $100.—Char-Lynn 
Co., Minneapolis, Minn. 

Circle No. 333 on reply card 


TIMED MOTORS 


High accuracy and long life are the 
features of this series of chronometric- 
ally governed de motors. The 1.5-volt 
motor operates for more than two 
years on a standard flashlight cell. 
Constant speed of 150 rpm is main- 
tained by a balance wheel-hairspring 








Relays 


by 
Stromberg- 
Carlson 


Telephone-type 
quality « reliability 
durability 


If you require reliable, durable, top quality 
relays in the equipment you manufacture, 
you're well advised to consider the relays 
made by Stromberg-Carlison. 

Hundreds of companies have found here 
the advantages based on our over sixty 
years of specialization in providing equip- 
ment and parts to the independent tele- 
phone world. 

What's more, we go beyond just the man- 
ufacture of relays. If you desire, we can also 
provide wired mounting assemblies. 

Our relays are available in a wide range 
of types, of which these are representative: 


TYPE A: general-purpose. Up to 20 Form 
“A” spring combinations. 


TYPE B: gang-type. Up to 60 Form “A” 
spring combinations. 


TYPE BB: upto 100 Form “A” springs. 


TYPE C: (illustrated) two on one frame. 
ideal where space is tight. 


TYPE E: characteristics of Type A, plus 
universal mounting. Interchangeable with 
other makes. 


Types A, B, and E are available in high- 
voltage models. Our assembly know-how is 
available to guide you in your specific ap- 
plication. 

Details on request from these Stromberg- 
Carlson offices: Atlanta—750 Ponce de 
Leon Place N.E.; Chicago—564 W. Adams 
Street; Kansas City (Mo.)—2017 Grand Ave- 
nue; Rochester-——1040 University Avenue; 
San Francisco—1805 Rollins Road. 


STROMBERG -CARLSON 


A OIVISION OF 


GENERAL DYNAMICS 
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mechanism, with an accuracy to with- 
in +10 sec in 24 hr—even with an 
input voltage range of 0.9-1.8 volts. 
Just 13x24x4 in. and weighing 3 oz, 
the motors can be supplied with wind- 
ings for voltages from 0.5 to 12 vde. 
Possible applications include operating 
contacts, cams, and actuators, where 
loads are larger and vary over a greater 
range than escapement types can 
handle.—The A. W. Haydon Co., 
Waterbury, Conn. 

Circle No. 334 on reply card 


12-POSITION VALVE 


Suitable for automatic gas sampling 
and as an automatic sample feed to gas 
chromatographs or mass_ spectro- 
graphs, this 12-position automatic 
valve has 12 separate intake ports con- 
nected to a common vacuum chamber. 
Each valve is sealed by a spring loaded 
ball valve except when the port is 
open for sampling. Cam controls port 
opening by moving a rod to unseat the 
ball; the cam is activated by Geneva 
motion coupled to shaded pole motor. 
\ 3-sec electrical pulse moves valve 
from one position to another; 10 sec 
are needed to detent to new position. 
Price: $134.—Gelman Instrument Co., 
Chelsea, Mich. 


Circle No. 335 on reply card 


PLUS... 


(336) Subfractional four shaded pole 
gearmotor is available in 1/30, 1/60, 
and 1/100 hp models in nine speeds 
(1-200 rpm) from von Weise Gear 
Co., St. Louis, Mo. .. . (337) Marot- 
ta Valve Corp., Boonton, N. J., has 
placed on the market a three-way, two- 
position NC or NO magnetic or 
manually operated valve in a symmetri- 
cal body design that allows manifold- 
ing in various positions. 

Circle No. 336 or 337 on reply card 


COMPONENT 
PARTS 


DIGITAL COUNTER 


Up to 150,000 cps (or 1 million cps 
on special order) can be counted on 
this miniature solid state digital ring 
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~ OUTSTANDING 


ERIE INSTRU /MATION 
700 SERIES COUNTER-TIMERS 


Here is a beautifully designed line of 

compact instruments of unusually high 

quality, performance and depend- 

ability for use in laboratories, original 

equipment and production lines 

where accurate measurement of 

events-per-unit time, period, or 

elapsed time is important. Operator- 

designed panels and in-line NIXIE 

readout assure positive, direct read- 

ing. Modular construction gives great 

flexibility and ease of maintenance 

and makes these instruments the most 

compact of any on the market. If you 

are looking for reliability, versatility 

and quality combined with reason- Model 740 
able price, the ERIE INSTRU/MATION FREQUENCY COUNTER & 
700 series of counter-timers deserves Hee tate omaha 
your serious consideration. Write for frequency to physical units 
complete catalog to: 


Model 722 
FREQUENCY-PERIOD COUNTER 


combines frequency & period measurement 


Model 720 
FREQUENCY COUNTER 


for events-per-unit time 


Model 723 
TIME-INTERVAL COUNTER 


for measurement of 
elapsed time between events 


Model 724 
PRESET RATIO COUNTER 


1 to 10,000 times ratio of two input signals 


“QUALITY WHERE IT COUNTS” 
Model 725 
UNIVERSAL COUNTER-TIMER 


precise measurement of 
frequency, period and time intervols 


(abled /wtalon, 
ERIE PACIFIC, DIVISION OF ERIE RESISTOR CORPORATION 


12932 S$. Weber Way, Hawthorne, California 
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counter. It is guaranteed not to miss 
a count in forward, backward, or inter- 
mittent switching. For coupling the 
trigger signals to the counting circuit, 


FAG L F ’ S m Pp 5 the design employs dc logic. This way 
- the counter is made insensitive to 


conducted line noise, radiated noise, 
line voltage variations, and other var- 
iables. Standard models provide one 
output pulse for each count of 10 in- 
put pulses. Operating temperature 
range is —55 to +125 deg C. Units 
may be cascaded without external cir- 
cuits.—Tempo Instrument, Inc., Hicks- 
ville, N. Y. 


Circle No. 338 on reply card 


OVERRUNNING COUPLINGS 





A precision steel spring is the sensing 


° element in these one-way couplings. 
ers: In the driving direction the spring 


tightens, the coupling engages with 


e Fast, easy installation gg backlash and drives without slip. 


the overrunning direction the 
H “4 spring unwinds permitting the hubs 
° Quick change of time ranges Tks Bak ot Gee acmpiod 
range from $ to 1 in., with special 
units available on order. All units 
come with sintered bronze swivel bear- 
ing, plastic locking set screws, and 
aluminum dust cover. Price for 4-in. 
size: $3.—International Mechanisms, 
sce canted ott Fairport, N. Y. 


-— 2a See Circle No. 339 on reply card 


CLUTCH COW 
To Remove: Lift handle and pull out 


With 4 switches—2 switches operate 
instantly when timer is energized — 2 
switches operate with time delay — delay 


time adjustable — selection of dials from = = 
10 seconds to 60 hours. PURTONIACIS. CONTACTS. 
For more details on the Cycl-Flex Timer, 
write for free Bulletin 125 or contact 
your local Eagle Representative listed in 
Thomas Register, Conover Mast Purchas- 


ing Directory, or Phone Directories in 25 
principal cities. 


LOW COST MODULES 
EAGLE SIGNAL COMPANY « Moline, Illinois Low cost plug-in building blocks for 


A DIVISION OF THE GAMEWELL COMPANY, AN E. W. BLISS COMPANY SUBSIDIARY digital computing applications are now 
available in a convenient silicone rub- 
MANUFACTURERS OF THE MOST COMPLETE LINE OF INDUSTRIAL TIME-COUNT CONTROLS ber encapsulated configuration. In- 
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cluded are flip-flop, multivibrator, and 
univibrator i dare in any combina- 
tion. Each 4x23x34 in. package con- 
tains two elements in any combination 
and weighs 2 oz. Standard operating 
voltage is 18 vdc; other units are avail- 
able for 6 to 20-vdc operation. Fre- 
quency response of flip-flops is to above 
20 ke, multivibrators are available with 
any frequency from 250 cps to 20 keps, 
and univibrators may have any pulse 
duration from 4 microsec to 4 milli- 
sec. Price is sample quantities: $14.— 
Marketing Computers, Inc., Floris- 
sant, Mo. 

Circle No. 340 on reply card 


IMPORTED AMPLIFIER 


Licensed from the German firm Giit- 
tinger for manufacture for the U.S. 
market, this transistorized operational 
amplifier features drift of only 10 
microvolts in 24 hours. Short-circuit- 
proof, the device operates on +60 
volts and has a loop gain of better than 
20 million. Output swing is +50 volts; 
input ee tg is 1 megohm; and 
load capability is 25 ma at +50 volts 
and 75 ma at 0 volts. Price: $375. 
Boonshaft and Fuchs, Inc., Hatboro, 
Pa. 

Circle No. 341 on reply card 


ACCESSORIES 


SIMULATES 650 


Three versions of a system designed 
to simulate the IBM 650 punched 
card computer on the RCA 501 have 
been made available. The three ver- 
sions allow users of 501’s with two, 
three, or four modules of available 
core memory to use the many 650 
programs available. A two-module 
501 will be able to simulate a 2,000- 
word 650 with punched card input 
and output. Users of a three-module 
501 will also be able to simulate 650 
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DATA RECORDING 


WITH 


MONROE DATA/LOG 
PRINTERS 





MONROE DATA/LOG PRINTER MC-215 
Serial entry * Programmable or narrow fixed car- 
riages * One or two accumulators, or print only 
* 18 digits per second * 142 print cycles per 
minute * Black and red print * 11 digits per print 
cycle * 12 digit totals * Motor driven carriage, 82 
digits per line * Vertical space on command * Sym- 
bol type bars * Pin feed platens * Automatic Line 
Finder carriage 








MONROE DATA/LOG PRINTER MC-205 
Paraliel input * 5, 6, 7 or 8 channel tape output, 
any code * 13 or 4% inch fixed carriage * One or 
two accumulators or print punch only * Print and 
punch 64 cycles per minute * 10 digit maximum 
plus functional codes punched automatically 
* IBM card punch output optional * Cabled man- 
ual electrical keyboard 








MONROE DATA/LOG PRINTER MC-203 
Parallel input * Programmable carriage * 3 to 14 
digits per print cycle * Up to 4 accumulators with 
14 digits each, or print only * Vertical space on 
command * Carriage return on command * Red 
print, black print « 214 print cycles per second 
* Cabled manual electrical keyboard * Pin feed 
platens * Symbol type bars 





MONROE DATA/LOG PRINTER MC-202 
Parallel input * 13 or 434 inch fixed carriage 
* Front feed carriage or around platen carriage 
* One or two accumulators or print only * Symbol 
type bars * Cabled manual electrical keyboard 
* 10 digit maximum * One or two accumulators 
* 11 digit total + Pin feed platens 





| MON 
<_s 





DATA/LOG PRINTER WARRANTY. Each Monroe DATA/LOG printer carries 
a first year's warranty and maintenance guaranty. Following the first year, 
each unit can be placed on yearly maintenance contract by any of the 
more than 350 established Monroe service offices in the United States, 


or by Monroe offices abroad. 


Technical specifications and wiring diagrams are available on request. 


¥ ay 
ROE 


Call your local Monroe Office 
or write to: 

MONROE Calculating 
Machine Company, Inc. 


Electronics Components Division 


DATA/LOG PRINTERS 60 Main Street, 


San Francisco, Calif. 
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For complete information, contact your 
nearest CEC sales and service office, or 


write for Bulletin CEC 1623-X14. 





Electro Mechanical Instrument Division ( i—C 


IMMEDIATE DATA 
... MOUNTING 
VERSATILITY 


... get both with this 
recording oscillograph 


Rack it vertically...stand 
it on a bench...use it on 
a table! CEC’s 5-123 
Recording Oscillograph 
delivers print-out data 
immediately with exclu- 
sive “DATAFLASH”* 
that produces traces 60 
times faster than any 
other print-out process. 
This modular design 
instrument gives you 
immediate access to 
clear, readable data while 
recording at 16 ips. 


Along with unmatched 
mounting versatility, the 
5-123 offers the advan- 
tages of non-chemical 
processing using stand- 
ard print-out papers— 
and with no latensifica- 
tion delay. Its other key 
advantages include full 
front accessibility and 
pushbutton controls to 
change speeds instantly 
from 0.1 to 160 ips while 
recording 36 to 52 chan- 
nels of data. 

*Patent Pending 


CONSOLIDATED ELECTRODYNAMICS / pasadena, california 


- BelleHowell - 


| NEW PRODUCTS 


index registers. A user of a four- 
module computer will be able to simu- 
late a 650 with 4,000 words of mem- 
ory and index registers.—Applied Data 
Research, Inc., Princeton, N.J. 

Circle No. 342 on reply card 





VERIFIES DIGITS 


About the size of a portable radio, this 
check digit verifier is designed to op- 
erate cable-connected to the manu 
facturer’s accounting machines. When 
an entry is made, the verifier performs 
a computation on the account number 
before it is entered on tape. If an er- 
ror is detected, the computer stops. 
With this transistorized unit, the de- 
signers assert, the mathematical prob- 
ability of an incorrect entry is insig- 
nificant. Price: $1,350. — Burroughs 
Corp., Detroit, Mich. 

Circle No. 343 on reply card 


INPUT CALIBRATION 


For accurate recording of dynamic 
temperatures from thermocouple in- 
puts, it is necessary to calibrate out 
error due to loss in input cabling. A 
temperature calibrator, operating on 
its own power supply, has been de- 
signed to do this with simultaneous or 
sequential four-step calibration, indi- 
vidual channel span and damping re- 
sistors, and individual calibration level 
resistors.—B&F Instruments Inc., Phil- 
adelphia, Pa. 

Circle No. 344 on reply card 
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COMING ~ 
NEXT MONTH sme Postage Stamp 


Will be Paid Necessary 
@ Industrial Transistor ia ary ae 
Switching Systems 
Special report highlights basic 
transistor switching techniques, 
available systems and compo- 
nents, design and application 


hints, and many case studies BUSINESS REPLY MAIL 


across industry. 
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© Sampling Control from 
Modified Controllers 


Altered conventional pneumatic 


rete ct benefits of sam- CONTROL ENGINEERING 
pling control. 

P. O. Box 623 
@ What You Can Learn 


from Regulus Control Ridgefield, Conn. 
Unexpected difficulties and solu- 


tions can be extrapolated to 
other control systems. 


Reader Service Department 2 (2/61) 


®@ Today’s Hardware for 
Incremental Servos 
Fourth of five part series surveys 
over 25 stepping motor models 
by 17 manufacturers. 3 
o Get More 
® Analog Computers < 
Control Freight Yard 
ee ee Information About 
newest classification yard in Eng- 


and. ]. Advertised products 


®@ Telemetry Systems for y 
Space Vehicles . 
System considerations and design 
of radio link communication with 3 
space vehicles. ‘ 


New product items 


Catalogs and Bulletins 


@ Eight Ways to Read 4. Editorial reprints 
Punched Tape 


Sketch-caption presentation of 
usual and unusual ways to read 
perforated tape. 


All advertisements, new products, and literature items are numbered for your convenience. 
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is NEW SUBSCRIPTION APPLICATION CARD 
| 


| Yes! | want my own personal copy of CONTROL ENGINEERING every 
Get YOUR own | month. Enter my subscription at once for 1 year at $3. [_] New [_] Renewal 





Check here if you prefer:- [] 3 years at $5 
personal copy each month. 


‘] Payment enclosed _] Bill me C) Bill company 
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ll, 60 cents 

498—Ready Reference Data Files—l, 
50 cents 
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niques, 50 cents 
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477—Basic Data on Process Control 
Systems, 50 cents 

476—Three Ways to Simulate Dead 
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CONTROL BITS 


Production monitoring of 200 wind- 
ing machines is being performed at 
Owens-Corning Fiberglas Corp.’s 
Aiken, S. C., plant by a new produc- 
tion control system built by Informa- 
tion Systems, Inc. Called the ISI 
Production Data System, it contains 
the basic circuitry of ISI’s incremental 
control computer and the disc mag- 
netic memory designed by Genesys 
Corp. before its merger with Infor- 
mation Systems. Unit scans two points 
on each machine every 1] sec. 

7 

First three-spindle, tape-controlled 
Keller milling machine has been in- 
stalled by Boeing Airplane Co.’s Wich- 
ita (Kansas) Div. to make parts for the 
B-52 bomber. Bendix numerical con- 
trol run Pratt & Whitney unit. 

2 

Missile detection studies are under- 
way at Convair (San Diego) Div. of 
General Dynamics Corp. Convair is 
using gold-doped germanium and in- 
dium antimonide infrared dectectors, 
with a response time of one-millionth 
of a second to make measurements of 
gases superheated by ultrasonic shock 
waves to temperatures of 5,000 to 
21,000 deg. F. 
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TPURRE LT 


an unclad fuel reactor experiment at Los Alamos 


Fuel systems suitable for advanced concepts in power reactor design 
are being actively explored and evaluated by the Los Alamos Scien- 
tific Laboratory. Interest is particularly high in developing systems 
in which high utilization of natural resources is obtained by plu- 
tonium-fueled breeders and in developing systems in which the cost 
of fuel refabrication is minimized through the use of simple, mobile 
fuels. As a step in the evolution of more economic fuel, Turret, a 
high-temperature gas-cooled reactor experiment using unclad fuel 
elements, will soon be under construction. 
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Individuality 


alone is not a true measure 
of an engineer’s creativeness 


Of course, it helps a bit. 
But we’re not asking you to jog around the neighborhood in Bermuda 


shorts or a souped up Model A to prove you can think for yourself. If, 
however, this somehow stimulates your thinking process, be our guest. 


The main point is, RCA West Coast does not believe an engineer’s crea- 
tive abilities fit a specific pattern. Some of our engineers are conformists. 
Some are not. Some are individualists. Some are not. But these prime 
creative qualities they all share—courage, competence, optimism, and the 
ability to work together as a team. Solving difficult engineering problems. 
Right now we're looking for these able additions to this group: 

Advanced Systems Engineers, Development and Design Engi- 
neers, and Project Engineers, with experience in these areas: Elec- 
tronic Countermeasures, Data Processing and Computer Systems, 
and Missile Ground Support Systems. 

Interested in the brightness of your future at RCA West Coast? If so, 
check the box at the right. 





RCA 


WEST COAST 


Call collect or write: 
Mr. O. S. Knox 
EMpire 4-6485 

8500 Balboa Bivd. 

Dept. 461-B 

Van Nuys, California 











RADIO CORPORATION OF AMERICA 
WEST COAST MISSILE AND SURFACE RADAR DIVISION 


The name you know is the place to grow! 


CONTROL ENGINEERING 





{ 


FEBRUARY 


SPECIFIC OPENINGS AT 
RCA WEST COAST ARE: 


SENIOR COMPUTER SYSTEMS 
ENGINEERS 


To lead studies in new organiza- 
tional concepts, pattern recognition 
and machine learning. Will be a 
member of high level Research and 
Development team working on RCA 
Sponsored Programs. 


SENIOR COMPUTER ENGINEERS 
To lead applied research studies on 
kilomegacycle computer circuits. 
Will work with advanced R & D 
team. 


DIGITAL SYSTEMS ENGINEERS 
For design and application of digi- 
tal data processing equipment to 
military systems. Also for concep- 
tual design, synthesis, and analysis 
of military systems utilizing digital 
techniques. 


ECM ENGINEERS 

For project equipment utilizing new 
and unique high frequency and 
video circuit techniques, 
SYSTEMS OPTIMIZATION 
ENGINEERS 

For application of operation analysis 
and other analytical techniques. 
Advanced degree. 


OPERATIONS ANALYSTS 

For development of large scale 
systems concepts. Familiarity with 
logical and/or mathematical models 
for data processing systems neces- 
sary. Advanced degree in Mathe- 
matics preferred. 

DESIGN AND DEVELOPMENT 
ENGINEERS 

For control equipment, display 
equipment, and design of analog 
and display circuits. 

SENIOR LOGIC DESIGN 
ENG!INEERS 

To design entire computer systems. 
Advanced degree preferred. 


SENIOR ENGINEERS 

For relay logic and relay switching 
design and application to advanced 
digital techniques. 


PROJECT ENGINEERS 

For technical project management 
of development and design engi- 
neering and customer liaison and 
manufacturing. Responsibilities in- 
clude project direction, control and 
proposals for improvement and ex- 
tension of digital system capabilities. 


PROJECT ENGINEERS 

For visual data handling and analog 
data processing, employing direct 
view storage techniques, alpha- 
numeric readout devices and pro- 
jection systems. 


For complete details on these posi- 
tions contact Mr. O. S. Knox at RCA 
West Coast. 
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BULLETINS AND 
CATALOGS 


(400) MICROWAVE GUIDE. Hewlett- 
Packard Co. Application Note No. 46, 
100 pp. Entitled “Introduction to Mi 
crowave Measurements”, profusely illus 
trated book is useful as an introduction to 
the specialized field it covers. Included are 
background information on microwaves, 
discussion of transmission theory, and de 
scription of basic measuring equipment 
Appendix includes glossary of microwave 
terms and equipment data sheets 

(401) RESPONSE CALCULATOR. Ha- 
gan Chemicals & Controls, Inc. Pocket 
size slide rule type of calculator eliminates 
need for regular slide rule computation 
or complex chart references when plot 
ting frequency response curves 

(402) CONVERSION CHART. Rose- 
mount Engineering Co. Bulletin 10605 
(Rev), 2 pp. Handy chart permits rapid, 
accurate conversion from any scale—Kelvin, 
Rankine, centigrade, or Fahrenheit—to any 
other scale. Conversion range is from ab 
solute zero to 16,000 deg C. 

(403) STANDBY POWER SUPPLIES. 
Consolidated Diesel Electric Corp. Bulle- 
tin P-2, 8 pp. Describes a line of uninter- 
rupted power supplies that provide abso- 
lutely continuous power in case of normal 
power failures. Unique design does not 
require an engine to start up and come up 
to speed before assuming electrical load 
(404) RESIN MOLDING COM 
POUNDS. Food Machinery and Chemi 
cal Corp Booklet, 26 pp. Describes 
properties, uses, and mviding requirements 
of compounds based on Dapon diallyl 
phthalate resins. Includes complete ta 
bles to guide molders, designers, and 
specifiers on the capabilities and applica 
tion techniques of these materials 

(405) BLAST FURNACE CONTROI 

Hagan Chemicals & Controls, Inc. Bulle 

tin MSA-190, 24 pp. Attractively laid out 
with charts, diagrams, and photographs, 
bulletin describes application of automatic 
control systems to eleven areas of blast 
furnace operation. Includes description of 
application of data processing equipment 
for both operation and research. 

(406) PNEUMATIC CONTROLLERS 
Black, Sivalls & Bryson. Bulletin 72-117, 
28 pp. Discusses economic application 
and design of pneumatic contro] systems; 
uses cartoon technique to show how a 
controller is built. Descriptions and photo- 
graphs of components in pneumatics line 
are included. 

407) CONTROLLED POWER. Hamil- 
ton Standard Div., United Aircraft Corp. 
Booklet, 16 pp. Static power conversion 
guide explains new field of controlled elec- 
trical power. Advantages of this type of 
equipment are outlined, and useful com- 
parisons are given between static and rotat- 
ing electrical devices. 


(408) RESISTOR STUDY. International 
Resistance Co., Burlington Div. Hand- 
book, 28 pp. Presents the results of a 
project to study performance and reliability 
of molded deposited carbon resistors. In- 
cludes data on tests of more than 37,000 
units, presented graphically in more than 
20 charts and diagrams. Variables like 





A familiar 
shape 

to DC 
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devotees 





- 
WIDELY 


RECOGNIZED... 
WIDELY ACCEPTED ... 
K2 OCTAL PLUG-INS 
FROM PHILBRICK 


FAST DC: K2-W is an effi- 
cient, foolproof high-gain opera- 
tional unit for all feedback 
applications, fast and slow. The 
K2-W features balanced dif- 
ferential inputs for low drift, 
high input impedance, low out- 
put impedance, and economy 
of operation. Its range of opera- 
tion is from d-c to above 100 


ke depending on $24" 


external circuitry. 

SLOW DC: K2-P gives to other 
dc amplifiers, such as K2-W 
and K2-XA, drift stability well 
under 1 millivolt, long term. 
This chopper stabilized unit 
has the same case structure and 
octal base as the 
K2-W and sells for $60* 


HOT DC: K2-XA, a new ampli- 
fier of improved reliability, is 
primarily useful in operational 
circuits where an output volt- 
age range from minus to plus 
100v (at 3 milliamperes) is re- 
quired. Its pass band extends 
to beyond 250 kc depend- $28* 


ing on external circuitry. 





%* «© Military equivalents available 
e OEM's: write wire or phone for 
quantity prices 


e 24 page Applicaticns Manual avail- 
able on request 




















GEORGE A. 


PHILBRICK 


RESEARCHES, INC. 

127 Clarendon St., Boston 16, Mass. 
COmmonweaith 6-5375, TWX; BS 1032, FAX; BSN 
Representatives in principal cities 
Export Office: 240 West 17th St., New York 11, N. Y, 
Tel. CHelsea 3-5200, CABLE: TRILRUSH 
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.. 11'S HIDING BEHIND THE 
ASPIRIN. Actually, we set out 
to build an easy-to-read tiny 
timer... but we first had to 
build an aspirin-sized motor to 
drive it. This assignment might 
have been a headache for a 
sorcerer, but A. W. Haydon 
did it. And there is something 
magical about these micro- 
miniature elapsed time indi- 
cators and companion 
events counters. @ This digi- 
tal elapsed time indicator has 
many outstanding features: 
size is only ¥2” square x 1,” 
long...weight .75 ounce... 


meets all mil specs... temp. 
range —54 to +125°C...vi- 
bration to 2000 cps at 20G... 
choice of two ranges (hours 
to 9999, tenths to 999.9)... 
power input .5 watt, max. In 
fact, the complete data out- 
weighs the equipment. Send 
for our heavyweight literature 
on the 19200 ETI right now. 
@ Electrical or electronic, 
the A. W. Haydon Company 
works wonders in time. For 
electronic requirements call 
Culver City. For electro- 
mechanical devices call 
on our wizards in Waterbury. 


AYDON 





Bulletins and Catalogs 


temperature cycle, short time overload, ter 
minal strength, dry and wet dielectric 
strength, moisture resistance, and load life 
are included. 


(409) MACHINE CONTROL TRANS 
FORMERS. Acme Electric Corp. Catalog 
141-BO1, 4 pp. Describes functions of 
transformers for machine tool control and 
serves as a guide in determining proper 
transformer to be used in any application. 
(410) EDP SURVEY. Walter R. Orea 
muno & Co., Inc. Chart. Updated version 
of a spring 1960 survey of domestic elec 
tronic data processing equipment. Includes 
seven new computers and many specifica 
tion changes. Also given is a new data 
processing bibliography. 

(411) DIGITAL RECORDING. Minne 
apolis-Honeywell Regulator Co., Industiial 
Systems Div. Brochure, 20 pp. Describes 
applications for digital tape recording tech 
niques including communications, filing, 
media conversion, acquisition and reduc 
tion, and high and low speed sampling 
Functional and block diagrams are in- 
cluded along with photographs and de 
scriptions of the equipment. 


(412) RECTIFIER APPLICATION 
GUIDES. General Electric Co., Elec 
tronic Components Div. Charts. These 
two wall charts are all that is needed to 
select the best rectifier for any circuit 
The first, “Characteristics of Common 
Rectifier Circuits’, is used to find the volt 
age and current parameters to be used in 
the circuit. These are then applied in the 
second, “Rectifier Selection Chart”. 
(413) FLUID FILTRATION. § Screen 
Products, Inc. Catalog, 36 pp. Serves as 
a design engineering manual for the appli 
cation of all-metal filter assemblies in the 
filtration of lube oils, hydraulic fluids, cool 
ants, and other liquids. Complete data 
and formulas needed to determine filter re 
quirements for most systems are given 
along with performance characteristics of 
currently used filter assemblies. 


(414) IR PHOTOELECTRIC CON. 
TROL. Cramer Controls Corp., Elec- 
tronics Div. Bulletin, 8 pp. Illustrated 
publication describes operation of Infra- 
beam, an infrared photoelectric control 
ler which functions by reflected or inter 
rupted beam, long range, and under high 
general light conditions. Included are 
illustrations of installations involving ma- 
terials handling, counting, inspection, and 
control. Detailed specifications are given 
of equipment and accessories. 

(415) POWER CENTERS. General Elec- 
tric Co. Bulletin GEA-7080, 12 pp. De- 
scribes the Cabinetrol industrial power 
centers which are engineered and custom 
built to customer specifications. Explains 
advantages of individualized panels. 
(416) CERTIFIED RECTIFIERS. Semi- 
conductor Div. of Syntron Co. Condensed 
catalog 100, 8 pp. Attractive color-illus- 


| trated catalog features cutaway drawings of 
COMPANY silicon and selenium diodes, stacks, and 
246 NORTH ELM STREET, WATERBURY 20, CONNECTICUT cartridge rectifiers. Full list of over 350 
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JEDEC types along with complete electri 
cal and mechanical specifications are in 
cluded. Company’s unique certification 
and guarantee policy is spelled out. 
(417) 8 AND 11 SERVOMOTORS 
Helipot Div., Beckman Instruments, Inc. 
Catalog, 24 pp. New models and updated 
specs on Size 8 and Size 11 servomotors 
are included in this new two-color catalog. 
Complete electrical and mechanical speci 
fications, outline drawings, and torque- 
speed curves are given for the lines which 
include servomotors, velocity-damp servo 
motors, inertia-damp servomotors, and 
servomotor-generators. Also included is 
two-page discussion of damping theory 
(418) 600-CHANNEL MULTIPLEX 
ING SYSTEM. Lynch Communication 
Systems, Inc. Brochure, 12 pp. Describes 
the B910 transistorized multiplexing chan 
neling equipment capable of channeling as 
many as 600 conversations or other types 
of information. Complete page of specifi 
cations is included. 

(419) OPTICAL MASER ARTICLE 
Bell Telephone Laboratories, Inc. Booklet, 
8 pp. Consists of a reprint of a Bell 
Laboratories Record article describing the 
theory and design of the recently an- 
nounced solid-state optical maser. Several 
photographs including full-color picture of 
an operating maser complement the text 
420) NUMERICAL CONTROL SYS 
TEM. General Electric Co. Bulletin 
GEA-7209, 4 pp. Describes latest version 
of company’s numerical control equip 
ment, the Mark Century, capable of per 
forming positioning and contouring from 
standard punched tape programs. Included 
in the booklet are descriptions of point-to 
point positioning and continuous path 
functions. Computerless contouring is also 
summarized 

(421) INSIDE POWER STORY. Valor 
Instruments, Inc. Brochure, 18 pp. Ex 
plains troubles originating in poorly regu 
lated power supplies. Entitled “The In 
side Story of the New Plug-In Power 
Supply Modules”, booklet gives detailed 
account of the design achievements of 
these new power sources 

422) CHARTS AND INKS. Minneapo 
lis-Honeywell Regulator Co., Industrial 
Div. Catalog G-100-6, 24 pp. Along with 
a complete description of how charts and 
inks are made, this booklet gives partial 
lists of the most commonly used Elec- 
troniK strip and circular charts, pneu 
matic and electric Tel-O-Set charts, and 
recording inks. 

(423) LIQUID HYDROMETER. The 
Liquidometer Corp. Bulletin, 16 pp. En- 
titled “Liquid Measurement in Pounds”, 
revised edition describes applications of 
these electric hydrometers. Applications 
included are those which require direct 
measurement of liquid density or true 
weight tank contents indication. 

(424) CIRCUIT BOARD DESIGN 
MANUAL. Dytronics, Inc., Sub. of Tay- 
lor Fibre Co. Bulletin No. D1, 12 pp. 
First section compares features of die 
stamped circuits (in which die cut con- 
ductor patterns are bonded to base mate- 
rial) and those of etched copper-clad lami- 
nated plastics. Second section gives hints 
for circuit designs using the die stamped 
circuit components. Last page gives defi- 
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SPEEDOMAX H 
SPEEDOMAX H 
SPEEDOMAX H 
SPEEDOMAX H 
SPEEDOMAX H 
SPEEDOMAX H 


SPEEDOMAX H THROUGHOUT INDUSTRY 

AND RESEARCH Again... and again... it’s Speedomax® H-the 
first compact recording controller especially designed both for heavy 
industry and for research applications! Since its introduction over six 
years ago, enthusiastic users have ordered . . . re-ordered. . . and 
re-ordered. . . impressed with its basic excellence of design-its flexi- 
bility of operation-on thousands of applications both in production and 
in research. 


For some of the reasons why it has gained such wide acceptance, 
see the following two pages. And for further information on Speedomax 
H, or on any of our products or services, call your nearest L&N office 
or write 4918 Stenton Ave., Philadelphia 44, Pa. 





bs LEEDS & NORTHRUP Pioneers in Precision 
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Collectadata: when 
paper tape 
comes In. 


paper 


The machine at left is a Friden Collectadata® 
Transmitter—key to a new system of internal 
data collection that virtually eliminates 
in-plant paperwork. 


The system is simple. Transmitters, spotted in 
key reporting locations throughout the plant, 
are cable-connected to a central Collectadata 
Receiver. “Blank forms” are issued as pre- 
coded tab cards or Friden edge-punched 
cards. Each card becomes a “filled-in” report 
after the worker inserts it in the transmitter, dials in variables and 
touches a key. The rest is automatic. The receiver records each report 
in punched paper tape, adds an automatic time code. At day’s end, the 
receiver tapes are processed—converted to tab cards or fed directly into 
a computer to prepare comprehensive summaries of plant activity. 


Collectadata users report substantial savings in time and money. But 
in many applications the speed, accuracy and efficiency of automated 
data collection are even more significant. For information, consult 
your Friden Systems Man. Or write: Friden Inc., San Leandro, Calif. 
THIS IS PRACTIMATION: automation so hand-in-hand with 
practicality there can be no other word for it. © 196: eniven, inc. 


» triden 


SALES. SERVICE AND INSTRUCTION 
THROUGHOUT THE VU. S&S. AND WORLD 
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Bulletins & Catalogs 


nitions for common terms used in printed 
circuit design. 

(425) APPLICATION NOTE. Computer 
Systems, Inc. Form 80-105-008, 9 pp 
Report describes application of the Dystac 
dynamic storage analog computer to de- 
termination of complex chemical equilib- 
rium conditions and composition. Instru- 
mentation required is listed, and diagrams 
show equipment interconnection for re 
actions, heat balance, and equilibrium 
composition. Mathematical derivations and 
equations are indicated, and _ installation 
and operation of the equipment are de 
scribed. 

(426) SEMICONDUCTOR APPLICA- 
TION. Semiconductor Div., Hoffman 
Electronics Corp. Application News, Sep- 
tember-October, 16 pp. Illustrated articles 
are entitled: “Voltage Regulator Diode 
Surge Ratings”, “The Silicon Uni-Tunnel 
Diode’”’, and ‘Solar Cells for Voice Trans 
mission”. 

(427) VOLTAGE COMPARATORS. 
Non-Linear Systems, Inc. Bulletin 50-1, 
6 pp. Two-color bulletin describes the 
company’s Model 50 voltage comparator 
and the Model 51 voltage comparison 
amplifier and discusses application of each. 
Problem and solution section shows how 
to design complete go/no-go testing sys- 
tems and how to select the correct voltage 
comparator and comparison amplifier for 
many other applications. 

(428) SNAP-ACTION SWITCHES. Li 
con Div. Illinois Tool Works. 1961 Cata- 
log, 32 pp. Features a unique four-page 
technical discussion of switches and switch 
terminology, as well as complete and con 
cise product descriptions. All of the 
company’s basic sensitive switches, minia 
ture and 10-amp rated subminiature units, 
heavy duty models, enclosed limit switches, 
and a complete line of auxiliary actuators 
are included. 

(429) RECORDING OSCILLOGRAPH. 
Electro Mechanical Instrument Div., Con- 
solidated Electrodynamics Corp. Bulletin 
5124, 4 pp. Contains photos and specifi- 
cations describing the operation of a new, 
low-cost, portable recording oscillograph. 
Discusses interesting design features and 
lists optional accessories. 

(430) PRESET TOTALIZER. Potter 
Aeronautical Corp. Bulletin No. D-222, 4 
pp. Describes an automatic predetermined 
countcr that provides pushbutton control 
of fluid measuring, batching, mixing, or 
blending. Illustrates a typical small plant 
installation in which the weighing tanks, 
batch tanks, and associated plumbing have 
been eliminated. 

(431) POWER CONVERSION. Power 
Sources, Inc. Short Form Catalog 60A, 8 
pp. Offers details on a complete line of 
solid state power supplies and power con- 
version devices. Brochure includes pictures 
and text describing the company’s exclu- 
sive Sineverter line of solid state sine 
wave inverters, low-voltage transistor regu- 
lated power supplies, high-voltage transis- 
torized supplies, and five solid state power 
converters for special applications. 
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(Continued trom page 50) 


for specific industries. 

In selling Systemation, Allis-Chalm- 
ers uses what one A-C man describes 
as a “rifle-shooting” technique. Not 
only is one special industry picked to 
concentrate on, but special customers 
within those industries—the customers 
who most need sophisticated elec- 
tronic control or who are thinking 
about it—are chosen. 

Teams were formed, combining the 
elements of process knowledge, basic 
equipment, and electronics. In power 
generation, the CSC specialist is Wil- 
son; in processing, Edwards; and in 
metalworking, Felberg. 

A typical team might consist of a 
controls man, a power man, a CSC 
man, and an engineer with a special 
process knowledge. ‘They choose a par- 
ticular project and work very closely 
with a potential customer. If a con- 
tract is obtained, one of the team’s 
members drops out to head the project 
and is replaced by another man. 

In the Gulf States project, CSC 
sent a three-man group to Lake 
Charles, La., site of the power station, 
and worked with Allis-Chalmers engi- 
neers on system equations to deter- 
mine what sort of signals would be 
needed and the types of outputs to 
be used for automatic startup and shut- 
down of the two AC turbines. 

A-C has a sharp eye out for Sys- 
temation possibilities in the dry proc- 
ess industries—cement, lime, ore, 
chemicals, etc. There is very little ad- 
vanced electronics system application 
in this area, and A-C is a leading man- 
ufacturer of the basic equipment. For 
instance, more than 50 percent of the 
cement made in the U.S. is made in 
Allis-Chalmers kilns. 

In the two other industries that A-C 
is concentrating its efforts on—metal 
rolling and power generation—the 
company has already had experience in 
tying in advanced electronics systems 
for optimizing purposes. Data logging, 
card programming, and partial compu- 
ter control are expected to play an in- 
creasing role in automatic screwdown, 
gage control, and tension measure- 
ment—in steel mills where A-C gets 
contracts—and in automatic startup, 
automatic loading, and optimizing of 
power generating stations. 

Other industries, where A-C already 
has basic knowledge, and which hold 
possibilities for A-C electronics sys- 
tems, include paper, textiles, rubber, 
petroleum, and food processing. Some 
of these are now under study. 

In its sales efforts A-C stresses the 
“prudent investment” theme of its 
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Speedomaz controlling temperatures of continuous annealing line. 


PERFORMANCE-PROVED FOR INDUSTRY 
AND RESEARCH When you specify any Speedomax® 
H, you get these basic features: 

Null-Balance Measurement—combining potentiometer accuracy 
and electronic stability. 


Modular Construction — plug-in components plus advantage- 
proved L&N positive drive with measuring-slidewire contact, 
control cams, etc., moving in permanent alignment. 
On-The-Job Economy—-reflected in low initial cost . . . simplified 
construction ... accessible parts . . . minimum maintenance. 
Installation Ease—simply connect leads ... set control point 
setter ... turn on power switch. 


Compactness—only 12” (h) x 11” (w) #2 11” (d) ... or 175%” 
(h) with integral control unit. Saves valuable panel space. 
Quick Range-Change—requires only a range-change card, a new 
scale and chart, a screw driver, and a minimum of your time. 


External Terminal Board—with all wiring connections made at 
back of case. 


These are only some of the performance-proved features 
which are making Speedomaz H the first choice in industry 
and research. For additional information on Speedomazx H, 
or on any of our products or services, call your nearest LEN 
office or write 4918 Stenton Ave., Philadelphia 44, Pa. 





is LEEDS & NORTHRUP Pioneers in Precision 


CIRCLE 173 ON READER SERVICE CARD 
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Performance— 


... Your Best Indication 


of Unsurpassed 
Quality! 











“Ceramo” Performance in your most severe 
temperature measuring applications is your 
best indication of ‘““Ceramo” Superiority! 
This metal sheathed. ceramic insulated 
thermocouple wire—used for all types of 
thermocouples—assures rapid response and 
consistent accuracy—long life with stability! 


Developed by Thermo Electric Co., Inc. 
more than ten years ago, ““Ceramo”’ has 
mastered the most difficult temperature 
measuring jobs; jet engines, nuclear reac- 
tors, exotic missile and rocket fuel tests, and 
many others, equally severe. It can be formed 
to practically any configuration without in- 
sulation loss and withstands extremely high 
pressures in measuring temperatures from 
minus 450°F. to plus 4000°F., and over! 


Caretul Manufacture 
“Ceramo”’ is closely supervised throughout 
production, to assure accuracy and uniform- 
ity. In our own wire mill—the wire elements 
are drawn, carefully calibrated and rigidly 
tested for spurious emf. generation. Various 
inert metallic oxide insulating materials are 
specially processed for purity. Sheath 


materials are scrupulously inspected for con- 
tinuity and sheath integrity. The finished 
““Ceramo”’ wires are heat-treated and an- 
nealed for proper ductility and stabilization. 


Rigid Quality Controls 
Quality Controls and Inspection for 
““Ceramo” production exceed the require- 
ments of MIL-Q-9858, 4/9/59, “Quality 
Control System Requirements”. 


Many Types Available 
““Ceramo” thermocouple wires are available 
in single, duplex, four and six conductor 
types, of standard thermocouple elements, 
including various Platinum-Rhodium com- 
binations, and special Iridium-Rhodium 
and Tungsten-Rhenium calibrations. Wire 
gage sizes range from 36 to 12; outside 
diameters from 1/25” to 7/16’. Sheath 
materials are available in Stainless Steels, 
Inconel, Aluminum, Platinum or Copper. 
Lengths to 30 feet are stocked—lengths to 
60 feet can be supplied. 


When You Must Be Sure—Specify *“*Ceramo” 
by Thermo Electric ! 


Write today for ‘“‘Ceramo” Bulletin 31-300-11 


Thermo 
é/ectric 


THERMO ELECTRIC Co.,Inc., Saddie Brook, New Jersey 
in Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 








Temperature Measuring Systems and Components 
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definition. ‘““We do not want to sell a 
customer a million dollar computer if 
all he needs is data logging equip 
ment,” says an executive. 

¢Free choice—Engineers have the 
entire line of commercially available 
computers to choose from, since CSC 
no longer makes them, and can make 
a selection on the basis of what best 
fits individual requirements. As for 
the other components, CSC still uses a 
lot of CEC equipment, but many of 
its systems now have little or no equip- 
ment made by CEC. 

“If there is an application for CEC 
equipment, we use it, but we are not 
restricted to it,” says a CSC engineer. 
“We're not trying to sell a device 
we've built for a particular job, and 
when we start out on a job, we have no 
specific equipment in mind -— only 
methods.” 

As Allis-Chalmers expands in elec- 
tronics systems applications, it is likely 
that the company will make at least 
some of the sensing instruments it has 
been buying. A-C’s Controls Dept. 
already is a big supplier of activating 
controls. ““We definitely think we can 
make pressure transducers at a profit,” 
says Donald B. Scott, head of the 
Controls Dept. The company is also 
studying the possibility of profit poten- 
tial in making other instruments. 

—Stewart W. Ramsey 
McGraw-Hill News 


LA‘s Biggest is Now 
Electronics 


LOS ANGELES— 

The shift in product lines and com- 
pany leaders and organization that 
has turned many aircraft companies 
into electronic firms—not to mention 
the host of firms started in the post- 
war years in this field—has finally 
turned the tide in Los Angeles, long 
the center of the aircraft industry. 
Electronics industry employment 
figures here will soon forge ahead of 
totals for the aircraft-missile industry 
to mark an historic change in the 
area’s labor market. 

For 20 years aircraft building has 
been the major industry of Los 
Angeles, but in recent years it has 
steadily lost ground to the burgeon- 
ing electronics business. According 
to a Security First National Bank re- 
port issued here, electronics employ- 
ment currently stands at 126,000 in 
the Los Angeles-Long Beach area. But 
it will top aircraft employment, now 
at 143,000, by the end of this year. 
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More Computer Control: 
IBM and Du Pont Study 
A Tricky New Process 


NEW YORK— 

How do you control a new process 
that has some unpredictable, uncon- 
trolled variables and whose disturbance 
patterns are unpredictable? Most oil 
and chemical companies shy away from 
putting such processes into produc- 
tion. However, a computer study an- 
nounced last month may open a whole 
new approach to these processes. 

After 18 months of secret study, 
International Business Machines Cor- 
poration and E. I. du Pont de Nem- 
ours Co, have announced a joint proj- 
ect to apply a computer to control an 
unusually large pilot plant built to pro- 
duce acrylonitrile by a new catalytic 
process. Conventional control and in 
strumentation was not satisfactory for 
the new Du Pont process because the 
efficiency of the catalyst is so sensi- 
tive to operating conditions and the 
acrylonitnle reaction itself is a time- 
varying, nonlinear system. 

Research studies have shown that a 
significant improvement in the process 
is possible by adjustments which can 
be accomplished only through dynamic 
computer control, so much improve- 
ment that Du Pont feels computer 
control is the only way the process can 
be commercially feasible. What the 
IBM-Du Pont team says it can accom- 
plish is truly dynamic control in which 
the setpoints of controllers change 
continuously as the computer com 
putes and recomputes settings. 
¢Dynamic optimums—The problem, 
says IBM researcher Dr. Eugene Sha- 
piro, is one of dynamic optimization. 
In the new acrylonitrile process the 
computer will attempt to find an opti- 
mum and plot the most direct route 
to the optimum in minimum time— 
subject to constraints which are also 
dynamic. 

Exactly how to program the com- 
puter to do this has not yet been re- 
solved. One approach that looks prom- 
ising is the method of dynamic pro- 
gramming as propounded by Rand 
Corp.’s Richard Bellman. Dynamic 
programming, a computer algorithm, 
is a prescription for solving a maximiz 
ing equation. In addition, the tech- 
nique defines the optimal solution, 
which becomes a goal to strive for. 
And it enables the programmer to 
state the problem in a form which is 
related to how to use the computer. 

One question to be answered is 
whether the computer will have the 
arithmetic capability to solve by dy 
namic programming the acrylonitrile 
reaction and determine s<tpoints fast 
enough with respect to the process 
time, constantly ranging from five 
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VERSATILITY 


Industry ... Research... Testing... 


VERSATILITY FOR INDUSTRY... 
RESEARCH ...TESTING When you specify your 
Speedomazx® H, you have a choice of: 


Three Models—strip chart, round chart, indicator. 

40 Measuring Circuits—for temperature, voltage, pH, gas anal- 
ysis, speed, etc. 

80 Types of Control—from on-off to complex proportioning. 
114 Standard Stocked Ranges—for all the standard quantities. 
Optional Non-Standard Ranges—to meet your special needs. 

18 Standard Chart Speeds for strip-chart recorders. 

165 Dual Chart-Speed Combinations for strip-chart recorders. 
Measuring Circuit Current—(1) battery-supplied and automati- 
cally standardized, or (2) for thermocouple and millivolt 


applications, supplied by a-c line, rectified and regulated by 
Zener-diode circuit. 


27 Other Optional Features for versatility, convenience, safety. 


With such a wide choice of features, you can understand 
why industry and research are specifying Speedomax H not 
only to help them modernize present production, but to plan 
the products of the future. For additional data on Speedomax 
H, or on any of our products or services, call your nearest 
LEN office or write 4918 Stenton Ave., Philadelphia 44, Pa. 
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Less} than .005° 


Runout 


Holding runout tolerances on a 
motor shaft extending 24” beyond the 
motor frame poses a difficult design 
problem. To reduce runout, many man- 
ufacturers have resorted to compli- 
cated andexpensive outboard bearings 
and shaft supports. To avoid this prob- 
lem, one such company* came to 
Holtzer-Cabot, which in cooperation 
with the company’s engineers, devel- 
oped a motor with a special extended 
end cap and a heavier shaft. The re- 
sult: less than .005 runout at one inch 
from the end of the 24” shaft. 

Write for Information! Holtzer- 
Cabot specializes in the design and 
manufacture of fractional horsepower 
motors for all types of applications. 
For complete details on Holtzer-Cabot 
motors for specific applications, and 
a copy of “Key Factors in Selecting 
AC Motors for Instrument Service” 
write direct or use Readers Serv- 
ice Card. 

*Name on request 
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to 20 minutes. 

If the team successfully applies dy- 
namic programming, the installation 
will be the first industrial application 
of this theoretical technique, which 
so far has been talked of only in terms 
of promise. 

¢ Up to 20 inputs—Another aspect 
of the problem not yet made final is 
how many input variables the com- 
puter will receive and how many con- 
troller settings it will calculate. A Du 
Pont engineer said the machine would 
probably receive between 10 and 20 
measurements and would control be- 
tween 10 and 20 valves. Considerable 
analysis instrumentation will be con- 
nected on line with the computer to 
supply the input information. Defi- 
nitely included to date are a mass spec- 
trometer and a chromatograph. 

Present plans call for using IBM’s 
new process control computer, the 
not yet announced or available IBM 
1720. One feature it probably will 
have: almost three times the memory 
of the computer used in the IBM- 
Standard of Indiana computer control 
experiment (CtE, Nov. 59, p. 40). 


Bullard Takes Court Action 
In Control Patent Test 


The Bullard Co., Bridgeport, Conn., 
machine tool builder, has taken its 
first court action to enforce its claims 
of basic patent rights in numerical 
control. As first reported in CtE 
(July ’60, p. 17 and Sept. ’60, p. 54), 
Bullard asserts that its patents involv- 
ing Man-Au-Trol dating from 1944 
are basic to modern numerical control. 
Last month it filed suit against Gen- 
eral Electric Co. charging infringe- 
ment of the patents. 

Bullard’s patent plan up to now has 
involved negotiations with some 20 
U.S. and foreign control and machine 
builders. Commenting on the court 
action against GE, President E. P. 
Bullard said, “This step was taken 
only after correspondence and amic- 
able discussion with General Electric 
regarding the matter. The relations 
between General Electric Co. and The 
Bullard Co. have always been most 
friendly, and it was with great reluct- 
ance that we authorized our patent 
counsel to file a bill of complaint on 
this infringement.” Bullard explained 
that the action did not affect his com- 
pany’s offer to license GE under the 


HOLTZER-CABOT 


MOTOR DIVISION 
National Pneumatic Co., Inc., Boston 19, Mass. 


patents at this time. 

The bill of complaint, filed in the 
District Court at Charlottesville, Va., 
requested: 1) preliminary and final in- 
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TOUGH, hermetically sealed 
Adlake mercury displacement re- 
lays stand up in “dirty situations" 
where mechanical relays clog and 
fail. Mercury-to-Mercury contacts 
stop failures caused by low con- 
tact pressure, contact burning, 
pitting and sticking. Provide a 
new, clean contacting surface for 
each operation. Time delay relays 
are available with fixed time delay 
in make or break... also with 


CABLE HARNESS ANALYZER pag a hany dat : time delays on both make and 


mally open or closed. 5 . 
© simultaneously tests for continuity Time delay—preset . break. Load relays are quick 


leakage and hi-pot rage 0.5 sec. to : acting and available with contacts 
min. 

checks complex branch circuitry normally open or closed. 

@ rapid, low cost programming 

® ease of operation 





Ease of programming, fail safe cir- 

cuits, wide range of programming, 1101 quick acting 

latest state of art design, reliability, ag gm my 

rapid automatic go/no-go tests and Non-ind. at 

low cost are features of the CTI 115 volts, 60- 

Model 165 Cable Harness Analyzer. _—" 

A wide combination of test para- 

meters, continuity current, hi-pot 

voltage, continuity resistance, leak- 

age resistance and time on conduct- 1101 time delay 

or, may be independently pro- relay. Contact 1200 load relay. 
grammed. The Cable Tester auto- = a ay own 
matically checks up to 10,000 simple S : Ag aE with contact nor- - = wate mon 
circuits in increments of 200, or an many open. D.C. coils. 
equivalent combination of main and _ ¥- Dam 

branch circuits. Connections provide 

control of external relays in the cir- 

cuit under test. CTI has pioneered 


the field of automatic testing, and MAIL COUPON FOR CATALOG OF 
has applied its experience to devel- 


oping the CTI Cable Tester, Model MERCURY DISPLACEMENT RELAYS 


165, into the most versatile and a ee eS eS ee eS ee 
rent iy wire harness analyzer a THE ADAMS & WESTLAKE COMPANY, Dept. L- 3402 
vailable. 
Write for full information R Raley Oivicion, Elthart, indiana 
CALIFORNIA ri p NAME 
TECHNICAL COMPANY . 


ban] INDUSTRIES 


DIVISION OF TEXTRON INC. MERCURY DISPLACEMENT ADDRESS 
BELMONT 3, CALIFORNIA RELAYS 























CITY AND STATE 





Foremost in Automatic Testing 
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Kearfott Uninterrupted Power Systems... 


FOR CONTINUOUS, UNVARYING 
POWER AT ALL TIMES 


| NORMAL POWER 








1 | 


wme= NORMAL POWER FLOW 





STATIC DC 


mmm EMERGENCY _— FLOW POWER SUPPLY 














AC DC 
GEN. MOTOR 


. T VITAL LOAD TWO ELEMENT UNINTERRUPTED POWER SUPPLY 








—— 











BATTERY 


| 
| 


| | 


Typical applications: Nuclear Reactors = Power Distribution 
« Digital Computers = Process Control = Communication Systems 


Kearfott Uninterrupted Power Systems are vital in applications 
where any interruption in AC power can cause serious loss or 
delay. These continuous power systems, which can be tailored 
to a variety of requirements, put an end — once and for all — 
to the problem of varying or intermittent prime power. 


In one representative system arrangement, an AC generator 
is driven by a DC motor which derives power from a regulated 
rectifier in parallel with a long-life storage battery. When power 
fails or varies the rectifier, which normally supplies pgwer to 
the DC driving motor, is disconnected and the battery provides 
surge-free power to the motor—in zero time. When prime power 
is restored, the system automatically reverts to standard op- 
erating conditions and the battery is restore to readiness by 
the main battery charger. 


Also available in 2 and 3 unit systems operating in parallel with 
or isolated from the line, Kearfott’s compact uninterrupted 
power systems also provide audible and/or visual alarms to 


indicate over- and under-voltage, overload or ground condi- 
tions. 


Generator ratings to 
150 KVA 60 and 400 cycles, 
single and polyphase. 


Frequency, voltage, and 
transfer regulation as 
required by the application, 


For complete data on the wide variety of arrangements available, write to: 


KEARFOTT DIVISION 


<> 


GENERAL PRECISION, INC. 





Little Falls, New Jersey 
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junctions against GE’s alleged patent 
infringement, 2) damage award with 
threetold increase because of the 
claimed wilful and wanton nature of 
infringement along with an account- 
ing to determine the damages, and 3) 
assessment of costs and attorney's fees 
against GE plus any other relief that 
might be required. 


Tl Forms Group to Push 
Industrial Controls 


The Apparatus Div. of Texas In- 
struments, Inc. has formed a special 
products department to speed the 
development of industrial control 
systems. The division of the Dallas 
firm has depended in the past on the 
military for 95 percent of its sales. 

The aim of the new group is to put 
together industrial systems from com- 
ponents and products turned out by 
!'I’s various divisions. Currently 
under development is a burner con- 
trol system for a Dallas Power & Light 
Co. power plant which will place the 
plant’s boilers under automatic con- 
trol. TI describes the system as a 
new application of solid state devices. 

W. R. Bailey is manager of the 
new department. He notes that ma- 
chine tool numerical control will be 
a prime target for his group’s efforts. 


Burtek Acquires Concord 
From Giddings & Lewis 


Giddings & Lewis Machine Tool 
Co. has sold its interest in Concord 
Control, Inc. of Boston to Burtek, 
Inc. Concord specializes in digital 
computing devices, data handling, and 
control systems engineering. 

Burtek, of Tulsa, Okla., claims to 
be the world’s largest independent 
producer of technical training devices. 
It is the second major acquisition in 
the past year for Burtek. Last 
January the company purchased the 
electronics division of the Divco- 
Wayne Corp. 

Concord has been a supplier of 
numerical control equipment to 
G & L. Under the terms of the 
present arrangement, Concord will 
continue to supply G & L on a sub- 
contract basis; but it will also develop 
new product lines for Burtek. 


News of Other Firms 
In the Control Field 
Susquehanna Sciences, Inc., has 


been formed in Pasadena, Calif., by 
The Susquehanna Corp. of Chicago. 
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The new division includes three com- 

panies acquired by Susquehanna in 

the past year: Computer Engineer- 

ing Associates, Birdsell Products, and ad SHOWN Vo SIZE 
lhor Electronics. J. Patrick Lannan, 

president of the parent firm, is hop- 

ing for $20-30 million sales for the 

new division with five years. 


General Electric Co.’s Computer 
Dept. has announced plans to build 
an Advanced Computer Development 
and Research Laboratory in Sunnv- 
vale, Calif. The $1.5 million lab will 
be headed by Dr. C. F. Spitzer. 


Perkin-Flmer Corp. of Norwalk, 


Conn., has signed an agreement with 
Hitachi Ltd. of Tokvo to establish a HIGH- ; 
joint company, Hitachi Perkin-Elmer 
Ltd. in Japan. Subject to validation 
by the Japanese government, the agree- ACCURACY 
ment calls for the joint venture outfit L | 
to coordinate the development, manu- 
facture, and sales of instruments WINDING COMPENSATED 
throughout the free world. 

Fisher Governor Co., Marshall- RESOLVERS 
town, Iowa, has acquired the E. 


Herbert Vickery Co. of Oakland, 
Calif. Vickery manufactures a line 


of advanced design ball-type valves. Kearfott precision resolvers are high accuracy units par- 
yada ad, 2 Combuiden: Mek: ticularly applicable to analog computers and automatic 
producer of electromechanical trans- control systems. The resolvers are capable of holding the 
ducers and sensitive measuring de- angular arc error to accuracies within 20 seconds from 
vices, has been acquired by American electrical zero. A compensator winding provides feedback 
Brake Shoe Co. Dynisco will remain voltage for a resolver isolation amplifier. Unity gain from 
in its present location under its cur- the amplifier input to resolver rotor output is made pos- 
rent management. * E a . 
’ sible by adjustment of a resistor. Since compensator and 
Dorsett Electronic Laboratories, rotor winding voltages vary with temperature and fre- 
Inc., of Norman, Okla., has acquired quency in a parallel manner, the feedback loop is auto- 


all outstanding shares of American matically adjusted to compensate for these variations. 
Missile Products, Inc. in Lawndale, 


Calif. The latter firm was the Elec- 
tronics Div. of the Maytag Co. 


Hathaway Instruments, Inc. has 
purchased the Southwestern Industrial 


Electronics product line from Dresser Kearfott 


, ee Unit No R980-41D T980-003 425506 
Industries of Houston. ‘The line of Size 1 15 25 


SIE test instruments will be produced Accuracy 
in Hathaway's Denver plant. (Max Error 


TYPICAL from E.2.) 5minutes Sminutes 20 seconds 
Quantatron, Inc. has been organ- 


Function Error .1% max 05% max .01% max 
ized by Union Texas Natural Gas PERFORMANCE Excitation 


Corp. of Houston. President of the DATA: (400 cps) Droits Wvrolts 115 volts 
firm is Robert M. Salter, formerly Se 

president of Sigma Corp. and a direc- (Rotor to 

tor of the USAF satellite program at Stator) 980+.020 980+.010 

the Rand Corp. Product area of the Phase Shift 7.5 lead 8.5 lead 

company will center around advanced 

physics, microwave electronics,  in- 

formation technology, quantum elec- Write for complete data 
tronics, and space technology. 


KEARFOTT DIVISION 


N.Y., has been formed by TYCO, 
Inc. of Boston to offer services in the 
analysis, design, and installation of 
information systems. 


Data Sciences, Inc. in Great Neck, Dp GENERAL PRECISION. INC. 





Little Falls, New Jersey 
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85¢ 
TANTALYTIC 
CAPACITORS 


chweber 


ELECTRONICS 


v 

HIGH-VOLTAGE 
TANTALYTIC® 
CAPACITORS 


125¢ 
CYLINDRICAL 
TANTALYTIC 
CAPACITORS 


60 HERRICKS ROAD. MINEOLA, L.1.. N.Y, 


PIONEER 66-6520. TWX G-CY-NY-580U 
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IMPORTANT MOVES BY KEY PEOPLE 


Haanstra New V-P at IBM’s 
General Products Div. 


Announcement 
of the promotion 
of John W. Ha- 
anstra to the post 
of vice-president 
of its General 
Products Div. has 
been made by In- 
ternational Busi- 
ness Machines 
Corp. Haanstra had been assistant 
general manager for new products for 
the White Plains, N. Y., IBM unit. 

Haanstra has been with IBM since 
1950, when he joined the company 
as a technical engineer. In 1952 he 
was assigned to the San Jose (Calif.) 
laboratory where he worked on the 
planning and development of IBM’s 
RAMAC machines. 

In his new post Haanstra will be 
primarily responsible for product and 
technical development programs in 
the division. 


Barr Now Lear-Romec 
General Manager 


A 2\l-vear em- 

plovee of Romec, 

Leroy R._ Barr, 

has been named 

general manager 

of the Lear- 

Romec Div. of 

Lear, Inc. He 

assume; the post 

following the re- 

tirement of H. C. Andrus, former 
vice-president and general manager. 

Barr, +2, has been with Romec in 

Elyria, Ohio, since 1936, except for 

four vears of military service during 

World War II. He started as a factory 

apprentice and later became drafts- 

man, project engineer, assistant chief 

engineer, chief engineer, and assistant 

general manager. : 


Dr. Alperin Heads New 
California Company 


Circuit D yne 
Corp., a new com- 
pany formed in 
Pasadena, Calif., 
has elected Dr. 
Morton Alperin 
chairman of the 
board. Circuit- 
Dyne manufac- 
tures custom de- 
signed subsystems and magnetic com- 
ponents for power generation, distribu- 


tion, and control. 

Dr. Alperin was formerly director 
and president of Space Systems and 
Industrial Automation, a subsidiary of 
Idaho Maryland Industries. He was 
also director of advanced studies for 
the Air Force Office of Scientific 
Research. Project Far Side was carried 
out under his direct supervision. 

Other positions he has held include 
director of aeronautical sciences for 
AFOSR, and he has been a consultant 
to several organizations, commercial 
and military, including the Office of 
Naval Research. Dr. Alperin is a 
graduate of California Institute of 
Technology with a PhD in aeronautics 
and mathematics. 


Hudes in Engineering Post 
At Telechrome Manufacturing 


Solomon Hudes May 
is the new vice- 
president in 
charge of engi- 
neering of the 
Telechrome 
Manufac- 
turing Corp., 

Amitvville, N. Y. 

He joins the di- 

versified company from a post as ex- 
ecutive vice-president of Schaevitz 
Engineering. 

In his Telechrome position Hudes 
will coordinate the engineering activ- 
ities of the firm’s divisions and affli- 
ated companies: Hammarlund Auto- 
mation Div., Telechrome Electronics 
Div, Hammarlund Manufacturing 
Co., and Universal Transistor Prod- 
ucts, Inc. Hudes will also head Tele- 
chrome’s central research and develop- 
ment group. 

For the past 10 years Hudes has 
worked on the planning and design 
of various weapon and missile systems 
He also has experience in commercial 
and industrial contro] systems. 


Other Important Moves 
Albert F. Sperry has resigned as 


chairman of the board of Information 
Systems, Inc., a subsidiary of Chance 
Vought, Inc. He intends to enter 
the field of consulting for user com- 
panies concentrating on problems in- 
volving complex industrial control. 


Jack K. Walker is now with Packard 
Bell Electronics Corp. as director of 
planning for its Defense and Industrial 
Group in Los Angeles. Walker was 
director of marketing and engineering 
at GPE Controls, Inc., and director of 
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Electromechanical 
Components and Systems 
OF Ver Lellin ay 


AIRESEARCH 
MOTORS OPERATIONAL 
-425°T0 +600 F 


Specialized aircraft motors developed 
by AiResearch operate at temperatures 
from — 425° to +600° F. ambient. The 
range of this compact, lightweight, 4% 
H.P. motor is — 65° to +600° F. 
AiResearch diversification and expe- 
rience provide full capability in the 
development and production of elec- 
tromechanical equipment and avionic 
controls for aircraft, ground handling, 
ordnance and missile systems. 


a 


A.C. and D.C. Motors, Generators and 
Controls « Inverters « Alternators « 
Linear and Rotary Actuators + Power 
Servos + Hoists + Electrical Pyrotech- 
nics « Antenna Positioners + Position- 
ing Controls * Temperature Controls « 
Sensors « Williamsgrip Connectors « 
Static Converters. 


Your inquiries are invited, 


~G>------ 


AiResearch Manufacturing Division 


Los Angeles 45, California 
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ROCKWELL-REPUBLIC 


V-5 gauges combine small size 
with big-gauge readability 


TRY THIS 
“CUTOUT TEST” 


For a true demonstration 
of the readability of Rock- 
well-Republic V-5 gauges, 
cut out the actual-size photo 
at the right. Mount it on 
any wall or panel board. 
Step back and see how easily 
the scale can be read, even 
from 10 or 12 feet away! 


BIG-GAUGE 
ACCURACY, TOO 


Compact V-5 gauges are 
equipped with electric re- 
ceivers or full sized dia- 

hragms, bellows, and 

elixes for maximum accu- 
racy and sensitivity. Yet 
these Rockwell- Republic 
gauges require one-fourth 
the panel space needed for 
standard gauges. 


GROUP MOUNTING 
INCREASES 
VERSATILITY 


As many as eight gauges 
can be grouped in a single 
mounting case. Types can 
be mixed to meet individual 
panel requirements. Mount- 
ing is simple, too. Just a 
panel cutout is required in 
most cases. 

There’s a V-5 gauge for 
almost every process meas- 
urement. Mail the coupon 
today for the 12-page bulle- 
tin on these easy-to-read 
gauges, and for available 
literature on other Rock- 
well-Republic instruments, 
controls, and valves. RF-22 


oa 
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ROCKWELL® 
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Please send latest 

literature on the following: 

0 V-5 Gauges 0 Process Transmitters 0 Controllers 

0 Computing Relays © Control Stations © Recorders 

0 Flow Meters 0 Drive Units © Control Vaives 
0 Desuperheating & Pressure Reducing Systems 

©) Electronic Control Systems 0 Pneumatic Controi Systems 
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Company 
Address 
a e. = eet & “ __ State _ 














Republic Flow Meters Co. (Subsidiary of Rockwell Manufacturing Company) 
2240 Diversey Parkway, Chicago 47, Illinois 
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NPR 


NOY 


Exceptional performance characteristics of Servonic's 


new H-160 high pressure transducer are particularly 

surprising considering the small size of this poten- 

tiometer type instrument. Its 1 by 1% inch dimensions 

combine with rugged design and high resolution to 

make it ideal for military requirements where severe 
environments are a problem. 

Utilizing Servonic's helical bourdon assembly, the 

H-160 is oil damped to furnish high accuracy and long 

life, even under vibrations exceeding 35 g. Superior 

linearity over the temperature range —65° to 275° F 

is provided in standard construction. Individual per- 

formance characteristics have been 

controlled to provide accuracies of 

+1.0% error band in most ranges. The 

unit can be readily adapted to accom- 

modate a wide range of exotic fluids. 


For complete specs on the H-160 and its com- 


panion, low cost industrial unit, write for Bulletin S-605. 


SERVONIC INSTRUMENTS, INC. 


1644 WHITTIER AVENUE OSTA MESA, CALIFORNIA 
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WHAT'S NEW 


marketing at Librascope. He prev- 
iously held posts with Consolidated 
Electrodynamics Corp. and Socony 
Mobil Research Laboratories. 


D. L. Nettleton, who participated 
in the design of the first RCA com- 
puter, is now the chief engineer of 
RCA’s Data Processing Div. He had 
been engineering manager of RCA 
Data Communications and Customs 
Projects Dept., part of the EDP Div. 


George J. Dickey has become vice- 
president and assistant general man- 
ager and Dr. Nisson A. Finkelstein has 
been appointed vice-president in 
charge of research of the Stromberg- 
Carlson Div. of General Dynamics 
Corp. in Rochester, N. Y. 


Donald E. Garr, formerly manager 
of engineering operations for GE’s 
Armament and Control Section, has 
become corporate director of engineer- 
ing for the Raytheon Co. 


J. H. Overholzer has been named 
executive vice-president of U.S. Sys- 
tems, Inc., Los Angeles. He was 
formerly president and founder of 
Dyna-Matics Corp., a U. S. Systems 


subsidiary. 


Anatol W. Holt is a new member 
of the staff of Applied Data Research, 
Inc of Princeton, N.J. Until recentls 
he was employed by Remington Rand 
Univac where he worked with the 
late W. J. Turanski on the develop- 
ment of Generalized Programming. 
For the last two years he developed, 
at the Moore School of Electrical 
Engineering of the University of 
Pennsylvania, Automatic Code Trans- 
lation for the Signal Corps. 


Thomas G. Lanphier, Jr., has be- 
come president of Fairbanks, Morse 
& Co., the largest manufacturing 
component of Fairbanks Whitney 
Corp. Lanphier joined Fairbanks 
Whitney in September as a vice-presi- 
dent of the parent firm and will con- 
tinue to hold that position. He was 
vice-president and assistant to the 
president of Convair Div. of General 
Dynamics Corp. for almost 10 years. 


H. G. Place, who was head of Gen- 
eral Precision Equipment Corp. dur- 
ing its 1947-59 acquisition period, 
has retired as founder chairman of 
New York firm. During his tenure as 
president and board chairman, GPE 
acquired its Kearfott, Link, Graflex, 
and Shand and Jurs units. 
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HASTINGS 


(Thermopile) 


MASS 
FLOWMETER 


measures flow of air and 
gases electrically 


high sensitivity—rapid response 
calibration is a function of mass flow 
extreme sensitivity to low fiows 

no moving poris—easy operation 

usable from —3C0°F to +300°F 
undamaged by overload flow or pressure 
rugged and reliable | 


The Hastings Mass Flowmeter con- 
sists of an indicator with power sup- 
ply and a remotely located flow tube 
which can be installed directly in the 
line wherever desired. The flow tube 
incorporates the Hastings patented 
heated thermopile which is compen- 
sated for temperature and rate of 
change of temperature. 

The Thermopile senses mass flow 
through the tube and produces an 
electrical output proportional to the 
mass flow which is indicated on the 
readout device. All flow tubes are 
identical and may be interchanged 
without recalibration of indicator. 
The Hastings Mass Flowmeter is 
available for measurement in 


RANGES 


0-300 Std. cc/min. 
100-1000 Std. cc/min. 
300-3000 Std. cc/min. 
1000-10,000 Std. cc/min. 
3000-30,000 Std. cc/min. 


SM-20 Series 


For more detailed information send for 
specification sheet 501. For information 
on Hastings complete line of Vacuum 
instruments send for catalog no. 300. 


HAST INGS- RA we I, Inc. 


Hampton, V Tie] 
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dc to 1 megacycle! 


. . . and 10 watts of power 
with this direct-coupled amplifier! 


New from Krohn-Hite: this unique combination of power and band- 
width! The Model DCA-10 direct-coupled amplifier allows you to 
increase power of all sources from dc to one megacycle, without the 
bother of changing amplifiers or bandswitching! 


The DCA-10’s low distortion (0.1%) makes it the perfect comple- 
ment for low-distortion, quality oscillators — for unexcelled per- 
formance over the entire frequency range. 


Output — to 300 volts peak to peak, to 600 milliamperes peak to 
peak. Frequency response is flat, within one db, from dc to 1 mc. 
Stability is excellent for both output DC level and gain. 


The Model DCA-10 direct-coupled amplifier provides high, distor- 
tion-free power over the entire range, from sub-sonic into radio- 
frequencies. 20 watts of push-pull power can be obtained from two 
DCA-10’s cascaded. If this high-quality, flexible amplifier can fill 
a need for you, write for full information. 


Other Krohn-Hite amplifiers include the direct-coupled 50 watt 
DCA-50, and the ultra-low distortion (0.005%) 50 watt UF-101A. 
Also, Krohn-Hite Oscillators, Filters and Power Supplies. 


KROHN-HITE CORPORATION 


580 Massachusetts Avenue + Cambridge 39, Mass. 


Pioneering in Quality Electronic instruments 
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Aboard an Atomic Sub... 


PRECISE CONTROL OF TORPEDO FIRING 
AND MISSILE GUIDANCE OPERATIONS 


| ABSTRACTS 


Assuring stability for 
: sampled-data, on-off controls 


From “Pulse-Width Relay Control 
in Sampling Systems”, by Winston 
L. Nelson, Bell telephone Labora- 
tories. Paper No. 60-JAC-4 spon- 
sored by the American Society of 
Mechanical Engineers for presenta- 
tion at the Joint Automatic Control 
Conference, Cambridge, Mass., 
Sept. 6-9, 1960. 

















In this paper, one of the most in- 


; teresting and best presentations at 
VA JACC, Dr. Nelson investigates quite 
ae Fou rigorously the analysis and design of 
Atomic Submarine U.S.S. Seadragon "pie ESE. control systems employing time-sam- 
. * pled inputs and on-off (relay) appli- 
cation of load power to correct output 
Several STANDARD timers of : eo ie error. In doing so he adds the facility 
epeciel declan encedinall of adjusting the “on” time to propor- 
Vans heteben tis Sane ai pod tionally adjust the correction energy 
operating stations in so as to make the system asymptoti- 
the “‘Seadragon’s” integrated cally stable in the large. , 
missile guidance and In some systems, certain benefits 
torpedo fire contro! system. ‘ accrue both from using sampled inputs 
(sometimes a matter of necessity, de- 
pending on the inherent nature of the 
Anothe of N b i A li ti f input signal) and from using simple 
r umberiess pp ications 0 on-off actuation of the load. Systems 
that exhibit asymptotic stability with 
SPECIAL TIMEFR< continuous control will not, in gen- 
eral, be asymptotically stable when 
subject to sampling because of the in- 
by STANDARD teraction between on-off control and 
sampling. When the relay control 
is subject to sampled data, the control 
Wii's your need in special timers? For precise process inputs are restricted not only in 


tans —— Pt aa ach tlh amplitude but also in time. The in- 
timing ... accurate test timing . . . precision coordination? puts are restricted to change value 


Whatever the application, STANDARD has the engineering only at periodic sampling instants T. 
skill and experience... and the ample production facilities To make these systems stable, Dr. 
... to develop the timer you need Nelson proves the generality of, and 


P — - : employs, these analytical steps: 
Accuracies to +.001 second are available in standard > First, by using phase-space plots, 


models. Write today requesting descriptive catalog or out- the analysis shows that adjusting the 
lining your s ial requir E feedback coefficient vector (the con- 
by om equirements trol function) rotates the reversal 
Catalog 198A covers the comnptete tne (switching) surface so that all limit 

i tenn oueiliien porabenin cycles other than the 2T-period limit 


-yvcle can be eliminated. 
... portable and q a : 
= and panel mounted } > “If the excursions about the 


equilibrium state resulting from this 
inherent 2T-period limit cycle are 
within the tolerances of accuracy of 
the specific control problem, then 
simple relay control in a sampling 
system may be adequate, provided the 


THE STANDARD feedback-control function which de- 
ELECTRIC TIME COMPANY fines the reversal surface in state space 


is chosen to eliminate the higher- 
89 LOGAN STREET © SPRINGFIELD, MASSACHUSETTS period limit cycles.” 


* > When such behavior is not ade- 
Splitting Lhe Slt S2cond. ia : | quate or tolerable, the author proposes 
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adding some means to continuously 
vary the energy supplied to the plant 
by the relay controller. It is to this lat- 
ter point that Dr. Nelson devotes a 
considerable portion of his paper, in- 
cluding derivations, test results, and 
a practical circuit of a pulse width 
controller and relay. 

Basically, the pulse-width control 
function creates a dual mode opera- 
tion: for large errors the corrective 
“on” pulse width equals the full dura- 
tion of the sampling half-period T, 
and for smaller errors the pulse-width 
r is a continuously varying factor less 
than T as determined by the magni- 
tude and polarity of the input and 
by a scale ee B. Thus + is a func- 
tion of the full energy input MT, 
where M is input pulse amplitude. 

Even without any sampled-data 
plant input the excursion of the out- 
put resulting from the limit cycle it- 
self constitutes, due to closed-loop 
configuration of the control system, a 
(sampled) input error. To eliminate 
the output error it is necessary to 
eliminate the limit cycle. As three 
sets of state space trajectories and in- 
put and output waveforms show, one 
value of B will not eliminate the limit 
cycle, another will eliminate the limit 
cycle but suffer several cycles of over- 
shoot before the output stabilizes, 
while a_ third, more judicious choice 
of B provides asymptotic stability. 


Weighting instrument errors 


From “Measurement Accuracy as a 

Weighting Factor in _ Statistical 

Treatment of Data”, by D. M. As- 

pinwall and J. F. Rey, Lockheed 

Aircraft Corp. Paper 66-NY60 pre- 

sented at the Instrument Society of 

America Fall Instrument-Automa- 

tion Conference, New York, Sept. 

26-30, 1960. 

In the statistical analysis of ex- 
perimental data, instrument errors as- 
sume greater importance as technology 
progresses and analysis techniques be- 
come refined. If measurement ac- 
curacy is expressed in _ probability 
terms, the theory presented in this 
paper can be used to counteract the 
errors by giving each measurement a 
different weight based on its accuracy. 

A measurement instrument _ is 
needed to define physical properties 
of a sample taken from an unknown 
population. Population, in a statistical 
sense, means the collection of all val- 
ues which have been or will be as- 
sumed by the given variable. Test 
measurements depend on. values drawn 
from two populations: the population 
of the variable being measured and 
the population of instrument errors 
which are essentially caused by the 
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EECO 


MAGNETIC 


CORE 


CIRCUITS 


now you can choose 


In designing digital systems and equipment employing EECO T-Series 
Transistor Circuits, you now have an extra choice——-EECO Magnetic Core 
Circuits that are both physically and electrically compatible with the 
EECO T-Series. This new family of compatible magnetic core circuits 
for the frequency range 0 to 250 kcs includes a large selection of shift 
registers (in single or dual units), pulse gates, and core drivers. 


ADVANTAGES 


The ability of magnetic cores to maintain one of two discrete states makes 
them ideal for shift registers, or counters. A pulse sent through one set 
of windings will set the core to the “High-Level” state. A pulse sent 
through another set of windings will reset the core to the “Low-Level” 
state. Thus you get flip-flop action with a single core. In transistor 
circuits, on the other hand, it is normally necessary to use two transistors 
for each flip-flop. 

Core circuits are used to good advantage in our line of shift registers. 
They offer versatility and space saving at a price lower than that of an 
equivalent transistor circuit. 


COMPATIBILITY WITH T-SERIES 


EECO Magnetic Core Circuits are electrically and physically compatible 
with EECO T-Series Transistor Circuits. They are packaged in T-Series 
containers, measuring %” diameter x 2%” seated height, and they plug 
into the same miniature tube sockets as the T-Series. 


Write, wire, or phone today for detailed 


ENGINEERED \ information on EECO Magnetic Core Circuits. 
ELECTRONICS J ENGINEERED ELECTRONICS COMPANY 





Company 1441 EAST CHESTNUT AVENUE + SANTA ANA, CALIFORNIA 
Kimberly 7-5651 
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The Industry’s Widest Variety 


186 


When weight and space are critical and it becomes es- 
sential to use the smallest and lightest production servos 
available, Sperry Rand’s Wright Division offers you the in- 
dustry’s widest variety of advance components. 

Typical of this variety are Wright Size 8 Servos, a few of 
which are shown above. Normal Torque or High Torque. 
High Acceleration or Exceptional Acceleration. Normal Torque 
to Power or High Torque to Power. You name it, Wright has 
it. And 200°C operation is standard! 

Telephone Durham (919) 682-8161 or write for get- 
acquainted literature and name of our nearest representative. 

Servo Motors, Motor Tachometers, Geared Servos, Syn- 
chros, Servo Packages, and Spin Motors in frame sizes from 
Size 8 through 30. 


WRIGHT oor nonce a" 
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In the Remington Rand Univac physics 
laboratory, 5 mil. diameter holes are 
ultrasonically drilled in ferrite cores, 
then threaded with fine wire in the ex- 
amination of domain structure. Such 
experiments prove that a series of alter- 
nate-polarity pulses of diminishing 
amplitude result in concentric rings of 
alternately directed magnetization.Much 
smaller cores (80 mil. o.d.) were then 
studied by means of residual magnetiza- 
tion curves for flux distribution under 
various modes of partial switching. 

Opportunity for personal progress has 
never been greater than it is today at 
Remington Rand Univac. 

In addition to an attractive salary, you 
will work with engineers and scientists 
who have made significant advances in 
solid state development and computer 
reliability. Immediate openings include: 


RESEARCH ENGINEERS 


Attractive positions are now available for 
Research Engineers. These permanent 
assignments include circuit development 
work and the logical design of high speed 
computer elements. 








m TRANSISTOR CIRCUIT DESIGNERS 

m ELECTRONIC PACKAGING ENGINEERS 

m SERVO-ENGINEERS 

m ELECTROMECHANICAL ENGINEERS 

m QUALITY CONTROL ENGINEERS 

m PRODUCTION ENGINEERS 

mw RELIABILITY ENGINEERS 

m STANDARDS & SPECIFICATIONS ENGINEERS 


Send resume of education and experience to: 
R. K. PATTERSON, DEPT. GG-2 


Hanac. 
DIVISION OF SPERRY RAND CORPORATION 
2750 West Seventh St., St. Paul 16, Minn. 


There are also immediate openings 

in all areas of digital computer de- 

velopment at our other laboratories. 

Inquiries should be addressed to: 

F. E. NAGLE, Dept. GG-2 D. CLAVELOUX, Dept. GG-2 
REMINGTON RAND UNIVAC REMINGTON RAND UNIVAC 


1900 West Allegheny Wilson Avenue 
South Norwalk, Conn, 
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lack of resolving power of the meas- 
urement instrument. The distorting 
effect of errors must be recognized by 
giving accurate measurements more 
authority in the computation of popu- 
lation mean and variance. 


Russian analyzer 


From “Reliable Concentration Me- 
ter with Linear Scale”, by V. A. 
Gorbunov and I. I. Zaslavskii. In- 
strument Construction, December 
1959, pp. 3-7. Translated from Rus- 
sian by Taylor & Francis Ltd., 
London. 


The usual method of determining 
the concentration of an electrolyte is 
to measure the electrolyte’s electrical 
conductivity. The method employs a 
conductance cell whose electrodes in- 
timately contact the liquid. Still other 
methods employ electrodes that do not 
contact the liquid. The Russian in- 
strument described goes further: elec- 
trodes are eliminated altogether. 

The instrument employs a_trans- 
former in which the secondary circuit 
is formed by a flow-through-sample 
electrolyte circuit. An induced emf in 
the electrolyte circuit generates an 
electrolytic current whose magnitude 
depends on the conductivity of the 
liquid, thus on concentration. 

The electrolytic current is measured 
by the null method, using a differen- 
tial transformer with the liquid cir- 
cuit acting as one of the primaries. 
When the electrical conductivity of 
the solution changes, an error signal 
appears that drives a servosystem to 
null. A pointer coupled to the servo- 
motor linearly relates rotor position to 
concentration. 

Models of this instrument have 
been built to measure concentration 
of electrolytes with conductivities as 
high as 0.018 ohm-cm™. The instru- 
ment’s transmitters can measure. the 
concentration of skinforming and con- 
taminated electrolytes to plus or minus 
1.5 percent. 

The translation contains a sche- 
matic of the analyzer and the details 
of its immersion-type transmitter. Also 
discussed are the influences of sample 
temperature on concentration indica- 
tion and the method of automatically 
compensating the instrument for tem- 
perature changes. For instance, with 
compensation the error in a 0.1 per 
cent HC] solution remains within one 
percent over the range from 10 to 


30 deg C. 
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SERIES 305 —Controls 
up to 6 individual load 
circuits; easily changed 
from “Reset” to “ Won- 








Reset.” 





SERIES 306—Controls 
2 seperate adjustable 
loed circuits; built-in 
dwell protects revers- 
ing motors. 











SERIES 304 — Percen- 
tage Timer; integral 
“On-Off” contro! elim- 
inates separate switch. 


























TIMERS ror 
AUTOMATIC 
CONTROL 


SPLIT SECONDS OR HOURS 
ACCURATE...RUGGED 


Now you can order off-the-shelf timers 
for every industrial control application, 
including highly complex control functions 
involving hundreds of timed or sequential 
operations. ATC offers the widest line of 
standard timers, plus complete design 
and engineering assistance to meet spe- 
cial requirements. These unique features 
mean more dollar value from ATC timers: 


Easy one-hole mounting in standard 
3 3/16” cut-out. Fully insu- 


lated ring clamp replaces screws. 


(FR Change cycle any time with 


handy large knob. &) Cover slips 
off without disconnecting timer from 
service. One piece rolled cover 


has integral printed wiring 


schematic. 


Write now for new illustrated Condensed Catalog; con- 
foins complete specifications and performance data. 





AUTOMATIC TIMING & CONTROLS, INC. 
KING OF PRUSSIA, PENNSYLVANIA 
A SUBSIDIARY OF AMERICAN MANUFACTURING COMPANY, INC. 
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all you have 


fora relay 


is a sudden 


impulse... 


An impulse relay—one that when pulsed 
will turn something on and leave it on and 
when identically pulsed again will turn the 
load off and leave it off—is nothing new. 
For years you've been able to buy them, 
complete with ratchets, pawls,escapements, 
walking beams, lock-in mechanisms, etc., 
in a regular commercial quality grade. 
Sequencing and stepping relays are the 
more educated relatives in the family. 


But in the recent trend of getting more 
things up in the air, and generally getting 
more and more out of smaller and smaller 
relays for practically no power and under 
unpleasant conditions, the standard 
commercial impulse relay has often got- 
ten dirty looks. Generally, it wouldn’t 
hold together under the vibration or 
shock levels, and its size and relatively 
short life further complicated things. 


Naturally,Sigma now has an im- 
‘ pulse relay with none of the above 
drawbacks (mostly because it has 
none of the above mechanical 
mechanisms). SPDT contacts will 


switch 2 amp. resistive loads 


SIG 


(28 VDC/120 VAC) 200,000 times; 
mechanical life with no contact load is 4 
million operations. It works on positive 
DC pulses as short as 1 millisecond, at 
speeds up to 10 pps. For the space, weight 
and power pinchers, this new hermetically 
sealed relay takes up 1” x 1“ x 134“, 
weighs about 24 ounces and transfers 
its contacts on as little as 250 micro- 
joules (e.g,, 250 mw. for 1 ms.). Vibration 
immunity is in the order of 30 g’s to 
2000 cycles, operating temperature —65° 
to +125°C. About the only caution is 
that you’ve got to feed it pulses of the 
same polarity. 


We're building this little marvel and 
even have a few anxious customers. People 
who build telemetering equipment, sat- 
ellites, and perhaps computers as well, 
are the Sales Dept’s. great white hope. If 
you like binary counting schemes and 

such, think of the possibilities if 

you hooked up several in se- 

quence. And with a small roulette 

wheel and an acquisitive impulse, 

one might do handsomely, 
mightn’t one? 


lA 


SIGMA INSTRUMENTS, INC. 
69 Pearl Street, So. Braintree 85, Mass. 


AN AFFILIATE OF THE FISHER-PIERCE CO. 
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The Lincoln Laboratory, 
Massachusetts Institute 
of Technology, 
announces a major 
expansion in its 
program. 

We urgently request the 
participation of senior 
members of the 
scientific community in 
our programs in: 


RADIO PHYSICS and ASTRONOMY 


SYSTEMS: 
Space Surveillance 
Strategic Communications 
Iintegreted Data Networks 


NEW RADAR TECHNIQUES 
SYSTEM ANALYSIS 
COMMUNICATIONS: 

Techniques 

Psychology 

Theory 


INFORMATION PROCESSING 


SOLID STATE Physics, Chemistry, 
and Metallurgy 


e A more complete description of 
the Laboratory's work will be 
sent to you upon request. 


Research and Development 


LINCOLN 
LABORATORY 


Massachusetts institute of Technology 
BOX 30 


LEXINGTON 73, MASSACHUSETTS 
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Analog Computer Guide 


ANALOG COMPUTATION IN. ENGI 
NEERING Desicn, A. E. Rogers and 
I’. W. Connolly. 450 pp. Published 
by McGraw-Hill Book Co., Inc. 
$16. 

[his newest addition to the Mce- 
Graw-Hill Series in Information Pro- 
cessing and Computers is written at 
an academic level higher than most 
other books on this subject. Less like 
a cookbook and more like a textbook, 
this book is strong on mathematics 
and theory. Still it presents all the 
necessary computer techniques for 
simulating a wide variety of engincer- 
ing problems and does so in a clear 
and comprehensive manner. 

After a brief introductory chapter 
the authors devote 40 pages to descrip- 
tions of typical analog computer com- 
ponents. They follow up this basic 
material with a comprehensive discus- 
sion of the linear analysis of dynamic 
systems. Both ordinary and _ partial 
linear differential equations with con- 
stant coefficients are analyzed at great 
length. An excellent section on degrees 
of freedom and constraints is one of 
the highlights of the theoretical treat- 
ment found in this chapter. The use 
of analog computer models for system 
simulation is discussed in the latter 
sections of the chapter; the concluding 
section shows how to simulate systems 
described by ordinary linear differential 
equations with varying coefficients. 

As good as this chapter is, only a 
slight increase in the number of pages 
could have made it even better. First, 
explicit statements of both Lagrange’s 
and Hamilton’s equations of motion, 
instead of mere descriptions of the 
equations, could have rounded out the 
discussion of methods of system analy- 
sis. Second, it was unfair of the authors 
to refer the reader to another book for 
tabulations of complex networks that 
are used in simulating complicated 
transfer functions with an operational 
amplifier. The authors did a good job 
of tabulating numerous circuits for 
simulating nonlinear phenomena; it is 
regrettable that they did not supple- 
ment them with a like number of cir- 
cuits for linear systems. 

A brief but adequate chapter on 
nonlinear differential equations comes 
next. This is followed by a fairly ex- 
tensive introduction to partial differ- 
ential equations, with the emphasis 
naturally placed on those equations 
arising from simple physical systems. 
Methods of mathematical solution are 
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Pl “tape-centered” 
data handling systems 





The difference between success and failure of a space-age project is 
often determined by the effectiveness of its data-handling system. Where 
magnetic tape recording is part of the system, you can insure higher 
performance levels and greater reliability by specifying a Pi ‘‘tape- 
centered"’ data handling system. Pl systems are engineered to effectively 
utilize all the advantages of magnetic tape. By specifying a PI inte- 
grated data system, you get the benefit of un- 
divided responsibility from the transducer to 
the computer input. May we help you plan your 
next data system? Just drop a note or contact 
your local PI engineering representative. 





All-solid-state Precision 7 Recorder 
provides doubled frequency 
response — high reliability for 
space-age data handling. 











PRECISION INSTRUMENT COMPANY 
101! Commercial Street « San Carlos, California 
Phone: LYtel!l 1-444] . TWX: SCAR BEL SO 


REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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ELECTROMAGNETIC 
ACTUATORS 


{FLAT ARMATURE TORQUE MOTORS) 








USES SMALL VOLUME 
= OF AIR AT LOW 
PRESSURE 


KEEPS BULK MATERIALS MOVING 


BIN-FLO units in bins, chutes, hoppers, etc., restore flow char- 
acteristics to dry, finely ground materials which tend to pack 
or bridge in storage. Types for all materials and conditions. 


” No moving parts; simple installation; negligible operating 
qypantize cost; no maintenance cost. 


PAL DICATOR the original diaphragm-type bin level indicator. 
In successful use for over 20 years. ROTO-BIN-DICATOR new, 
motor-driven paddle type; excellent on bins under pressure 
or vacuum, and for general application. Also explosion- 
proof units, U.L. listed. 


TH E BI nN -D I CAT 0 R Cc 0 Write for ——_ literature 
- ° orca 
For use in... 


13946-F3 Kercheval e Detroit 15, Mich. VAlley 2-6952 
© ELECTRO HYDRAULIC 
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© HOT GAS SERVO . 


SYSTEMS 





High temperature (1200°F) and dry 
coil torque motors are also available 
to fulfill your specific applications. 
“Unitized” construction, found only 
in Servotronics’ Torque Motors, 
guarantees maximum reliability, low 
weight, and high performance. 


PERFORMANCE CHARACTERISTICS, 
SERIES 20 FLAT ARMATURE TORQUE MOTORS. 
[MODEL 20-1 [ 20-2 | 20-3 | 20-4 
| Stroke (in ) _| =.006 +.007 +.008; +.015 
Output 
| Radius (in. ) 650} _.593|_—.750| _—.906 


Forentii = $.0 80 LOWEST PRICE...SMALLEST 


13.0 




















Hysteresis 


Keel 2 Ek Proximity Switch 


| Frequency 


(CPS) 790 580 400 ' 
poy OBTAINABLE! 























Weight(oz.) 
ome 














Req'd 
|_(Watts) | rm 2.65 3.1 5.2 


2 | se 9.0 





Actuated by NON-MAGNETIC and $8600 
MAGNETIC metals to solve electrical ae 
switching problems users net includes: 


also manufacturers of the Control amplifier 


APEX" METALLIC SEAL Now Electro offers you a low 4902 
(—320° F. to +2200° F.) cost proximity switch incorporating the i 
For all AN Cavities or for Special P 4 P . Sensing head 


Applications — basic patented circuit used successfully in 4913-BL 


‘aii industrial plants for more than 5 years. Connecting cable 
Te inc. Write for new detailed Bulletin EDPS-80! 


Electro Products Laboratories, 4501-i Ravenswood, Chicago 40 


| 
| 
190 COR SP TOO ak ee oo | Electro Canada: Atlas Instrument, Ltd., Toronto 
West Coast Representative | ° 





Most complete line of Proximity Switches 
MEASUREMENT LES, INC. b : 
445. Gorey Ave., Pomona, Calif. NAtional 3-1588 and Magnetic Transducers + Tachometers - DC Power Supplies 
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quite fully explained and lay the 
groundwork for the analog computer 
methods of solution that are discussed 
next. The authors are very thorough in 
their treatment, paying particular at 
tention to approximation errors’ and 
ways of reducing them. 

The next chapter represents, to the 
reviewer's knowledge, the first time 
that a book has contained a detailed 
description of methods for solving 
algebraic equations on an analog com- 
puter. Linear and nonlinear algebraic 
equations, eigenvalue problems, steep- 
est ascent problems, and linear and 
nonlinear programming problems are 
all covered in this excellent chapter. 

Two chapters on random signals 
and their use in analog computing ap- 
pear next. A technique for program- 
ming noise on an analog computer is 
explained; it is then used to obtain the 
rms response of a simulated linear sys- 
tem. The second of these two deals 
with a special technique for obtaining 
the response of a linear, time-varying 
system to noise inputs. This tech- 
nique, known as adjoint computation, 
is much simpler and faster than any 
other in use today; its inclusion in the 
book is highly commendable. 

Solution of specialized problems is 
very briefly covered in the next chap- 
ter; this is followed by a very detailed 
discussion on preparation of problems 
for the analog computer. ‘The remain- 
ing six chapters are devoted to appli- 
cations of analog computers in var- 
ious special fields. 

There has never been another analog 
computer book that has delved as 
deeply into the mathematical back- 
ground but still presented enough 
practical information for the inexperi- 
enced to set up their own simulation 
problems. It is heartily recommended. 

Leslie R. Axelrod 


The Powers Regulator Co. 


Writer's Aid 


TECHNICAL WritInG TECHNIQUES 
FOR ENGINEERS, Joseph Racker, 234 
pp. Published by Prentice-Hall, 
Inc., Englewood Cliffs, N. J. $6.95. 


Another in a host of guidebooks, 
manuals, and textbooks aimed at mak- 
ing the engineer into a passable writer, 


TIME TEAM 


EECO’S ALL-STAR LINEUP OF TIME CODE 
GENERATORS COVERS ALL THESE BASES 


From missile base to basic research, in launching-area heat or Dew-Line 
cold, Electronic Engineering Company answers your project’s time code 
needs with these outstanding time code generators ... for binary or BCD 
readouts, coded for Atlantic Missile Range, Eglin Test Range or the new 
Inter-Range Instrumentation Group (IRIG) format proposed for world- 


wide use in satellite tracking. 


All EECo time code generators can be used with oscillographs, strip 
chart recorders, magnetic tape or for driving neon flash lamp ampli- 
fiers . . . for time-correlation of data recorded by different instruments 
at one or more sites. All have advance-retard controls for synchronizing 


internal 1 pps to WWV. 


MORE ACCURACY PER DOLLAR S 
with the time code gener- 
ators shown at right. Both 
time of day code output (24 a 
hour recycling) and any 23 
of 8 pulse rates. Time-corre- = 
late data to within +1 milli- 
second at a cost of only $7,500 S 
for the ZA-801, $7,000 for the 3 
ZA-802. Frequency stability: 
8 parts in 108 per day. 


cmd 
_ 
-_ 
= 
oad 


4 


dit 


Compact...solid-state plug-in 
circuits ...sized for stand- 


. 
e 
g 
: 
Z 
9 
3 
Sy 


unit, including power supply, 
7° zak. 


MODEL ZA-810 36-BIT 100 PPS CODE 


ALSO MODEL ZA-810-M1 
23-BIT 2 PPS CODE (IRIG TYPE C) 


RRR RRESRE SEDO Osan 


MODEL ZA-801 BCD CUTPUT (24-BiT) 
MODEL ZA-803 BCD OUTPUT (20-BIT) 


MODEL ZA-802 BINARY OUTPUT (17-BIT) 


GENERATES NEW IRIG FORMAT 
Model ZA-810 (left) and Model 
ZA-810-M1, solid-state time 
code generators, use proposed 
Inter-Range Instrumentation 
Group formats. 


Both generators have same 
high accuracy as ZA-801 and 
802. Packaged plug-in circuits. 
Complete unit 7” x 19” x 18”. 
Weight only 35 pounds. Price 
of either model: $10,100. 


TETTTTTTTTTTT TTT TTT T TTT TTT TTT 


WRITE FOR TIME CODE GENERATOR FILE 301. 


TIMING SYSTEM DESIGN CONSULTATION ON REQUEST. 
Electronic Engineering Company of California 


1601 East Chestnut Avenue « Santa Ana, California « Kimberly 7-5501 ¢ TWX: Santa Ana Cal 5263 


MISSILE & AIRCRAFT RANGE INSTRUMENTATION ® DIGITAL DATA PROCESSING SYSTEMS 
TIMING SYSTEMS ® COMPUTER LANGUAGE TRANSLATORS ¢ SPECIAL ELECTRONIC EQUIPMENT 


EE 0-12 R 


this new volume is concerned not so 
much with proper English in technical 
writing as with forms and techniques. 
Author Racker suggests methods for 
choosing the proper words and _ in- 
cludes a 106-page glossary of techni- 
cal terms. 
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“7 POLES | |s: 


can be controlled 
by a single handle 
FEBRUARY 


with Institute of Radio Engineers, Second 
Winter Military-Electronics Con- 
ESCO % vention, Biltmore Hotel, Los An- 
y, geles, Calif. Feb. 1-3 
Type JM Eighth Annual Intemational Solid- 
ROTARY State Circuits Conference, spon- 
y, sored by IRE, AIEE, and Univer- 
SWITCH. / sity of Pennsylvania, University of 
Me i A Pennsylvania Campus and Sheraton 
Manufactured to : / is Hotel, Philadelphia, Pa. Feb. 15-17 
BuShips drawing 815-1853019 “Se % ‘ Petrochemical and Refining Exposi- 
and Specification MIL-S-21604. 2 <Y | tion, 44th National AIChE Meet- 
a ‘ ing, Roosevelt Hotel, New Orleans, 
up to 25 a, <i La. Feb. 26-March 1 
® Positions .....up to 12 
@ ACtiON........:)... detent, 30° indexing | MARCH 
® Contacts... break-before-make or make-before-break 
@ Rating.....5 amp. 125 volts a-c at unity power factor Instrument Society of America, 11th 
© Mounting.............. _back of panel Annual Spring Conference on In- 
strumentation for the Iron and 
For detailed information Steel Industry, Roosevelt Hotel, 
ask for Bulletin 22. Pittsburgh, Pa. March 8-9 
American Institute of Electrical En- 
i——Jefem ym, 4a 4 feleba. | | gineers, Second Symposium on En- 
ELECTRO SWITCH CORP gineering Aspects of Magnetohy- 
th (Boston 88), Massachusett drodynamics, University of Penn- 


sylvania, Philadelphia, Pa. 
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March 9-10 


a : : : | Institute of Radio Engineers, Interna- 
Complex switch patterns . . . simply set . . . with tional Convention, Coliseum and 


PROGRAMON IiTOR Waldorf Astoria Hotel, New York, 
. . . . T yr , i) -23 
automatic recycling circuit control mF March 20-2 


Temperature—Its Measurement and 
Control in Science and Industry 
PROGRAMONITOR timer (Third National Symposium), spon- 


with synchronous drive 


sored by American Institute of Phy- 
sics, ISA, and National Bureau of 
Standards, Columbus, Ohio 

March 27-31 


APRIL 


Institute of Radio Engineers, 13th 
Annual Southwest IRE Conference 
and Electronic Show (SWIRECO), 
POSITIVE RECYCLING Dallas Memorial Coliseum, Dallas, 
WITHOUT INTERRUPTION OF lex. April 19-21 
COUNTING OR THENS Svs Institute of Radio Engineers, Seventh 
® Adjustable overall cycle settings . . . ranges up to 4,000 Region Technical Conference and 
counts or time increments, Trade Show, Westward Ho Hotel, 
® Pre-set any number of intermediate switching points within Phoenix, Ariz. April 26-28 
overall cycle. 
® Ends need for change gears, complex cam systems, costly 
control circuits, awkward mechanical stops. MAY 
® Applied to control of irregular sequencing of single or Notions! Acronsuticsl _ Electronics 
multiple circuits. , 
For help with special circuit control problems requir- Conference a ; I eae 
ing design of new equipment, call on our research of Radio Engineers, Miami an ay- 
and development specialists at the planning stage. ton Biltmore Hotels, Dayton, Ohio 


May 8-10 
WRITE FOR SERREERE 206 Western Joint Computer Conference, 


COUNTER and CONTROL CORPORATION | sponsored by IRE, AIEE, ACM, 


4509 WEST BROWN DEER ROAD @ MILWAUKEE 23, WISCONSIN Ambassador Hotel, Los Angeles, 
Calif. May 9-11 
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WELDED DIAPHRAGM BELLOWS 
Engineered By 


Selected by Minneapolis-Honeywell 
For New Gas-Bearing Gyroscope 


The complex new gas-bearing gyroscope shown 

here in a cut-away has a bell-shaped ceramic spin 

motor. Its interior spins at 24,000 revolutions per 

minute suspended on a film of helium gas only 25 

millionths of an inch thick. The gyro weighs just 

8 ounces, is 2.8” long and 2.0” in diameter. 

Here is what the Welded Bellows Assembly Selected 

provides in this Minneapolis-Honeywell gyroscope: 

1. Short nested length for long stroke and greater 
volumetric compensation. 

2. Low spring rate resulting in minimum changes in 
pressure of the fill fluid over full temperature range. 


3. Excellent spring characteristics eliminating the 
possibility of cavitation in fill fluid at the low 


temperature end. Wy, 
4. Leak tightness. Cobb OU if 
5. Long bellows life and reliability. CORPORATION 
Design and manufacturing services in full depth now available 
to West Coast customers from our Pacific Coast Division. 
108 MICA LANE, WELLESLEY HILLS 82, MASS. 
Ask for design data Uterature for volumetric ” ting bell Pacific Division: 20975 Knapp Street, Chatsworth, California 
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NEW 
PHOTOCELL 


Rheem “ee 


Uses silicon solar sensing 


cells. Completely transis- 
: '  torized. Desk-top unit illus- 
% m ; trated, other configurations 


available. Reads punched 
tape at rate of 100 characters 


i. tr ' per second. 8 information 
Ou r ey "signals (and 1 timing signa!) 
f 7° appear simultaneously. 
~ ~~ 


LIABILITY \S) ACCURACY, ECONOMY 


Ask for Full Information on RHEEM ELECTRONICS Unique Industrial Automation Products TODAY ! 


Rheem Electronics NEW 


Designs and Builds —— TR inoen 
Comp lete Shaft to Digital Converter... 


Numerical Positioning “ee > (bee 


Control Systems and : Shaft rotation is sensed by 
2 impedance changes in two 
a Full Line of | magnetic heads. Phasing 
i . determines rotation direction 
Industrial Automation and magnitude. Precision con- 


struction, low torque load. 


Specialty Accessories ae Highly reliable. 


A division of Rheem Manufacturing Company 
5200 West 104th Street 


electronics Los Angeles 45, Calif. 


SPring 6-1800 
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expanded 12th 
edition of the 
Emil Greiner 
catalog contains 
complete 
information on 
The World’s 
Largest 
Selection 

Of Laboratory 
Equipment and 
Apparatus 


e NEW SECTIONS on Chromatography and 
Nuclear Radiation 

e EXPANDED SECTIONS on centrifuges, elec- 
trical testing equipment, clinical testing, 

REQUEST CATALOG petroleum test equipment, distillation equip- 

ON BUSINESS LETTERHEAD ment, polyethylene ware, many more. 


/ e COMPLETELY INDEXED, conveniently 
EMIL Gh INER Co 


20-26 M. MOORE STREET Dept. 428, N.Y. 13, x.y. grouped alphabetically. 


differential 
isolator: 


ELIMINATE NOISE 
FROM YOUR 
PRESENT SYSTEMS 


Break ground loops in existing 
(or future) data acquisition sys- 
tems with CEA’s DIFFERENTIAL 
ISOLATOR. Used with any floating 
wideband amplifier, the combina- 
tion produces true differential 
DC to 20 kc signal amplification. 


























Used alone, the DIFFERENTIAL 

ISOLATOR functions as a DC to 

20 kc isolation transformer. Input 

circuitry isolated from output cir- 

cuitry (horizontal); chassis and all 

circuitry isolated from ground 

(vertical). @ Isolates different 

common mode levels. CMR: 130 

db to 1 kc. High output: +5 v at 

+30 ma or +10 v at +20 ma. pp 

Unity gain. Frequency response: eepcoes| 
less ‘hen 3 db down at 20 kc. Seay) Write today 


for our 
Bulletin 

. . 72 OO 
“The Source for Noise-free Instrumentation” sess SCE-1 
oe 


COMPUTER ENGINEERING ASSOCIATES, INCORPORATED 
350 North Halstead + Pasadena, California + Elgin 5-7121 


194 CIRCLE 194 ON READER SERVICE CARD 


> 


_ CIRCLE 215 ON READER SERVICE CARD 





4 





GET 
MORE 


FROM STRIP CHARTS 
with Royson 
Identicharts 


Royson Identicharts provide remote con- 
trol printing of time and date, sequence 
numbers, counter readings, code sym- 
bols or other data on strip charts. 


® The _ eliminate chart watching and 
marking 
Eliminate human error from chart 
marking 
Permit quicker, easier interpreta- 
tion 

®@ Correlate recorded data in different 
recorders 

@ Operate on AC or DC voltage from 
24 to 115 volts 

@ Come in easily installed kit form 


Write, wire or call for full details 


ROYSON ENGINEERING 


HATBORO, PA. OSborne 5-2800 
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DIGITAL 
READOUT 


Series 120000 


> Lightweight - 
weighs 342 ozs. 


> Quick disconnect 
at rear for easy 
lamp replacement. 


PRICE COMPLETE 
#35°° 
Quantity Prices On Request 
WRITE TODAY FOR ° 
COMPLETE SPECIFICATIONS 
Representatives 
in principal cities 


INDUSTRIAL ELECTRONIC EWG 
5528 VINELAND AVENUE * 
NORTH HOLLYWOOD, CALIF. HEE eo 
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WHAT’S AVAILABLE 
IN REPRINTS 


The following reprints have 
been prepared to make impor- 
tant reference-type editorial ma- 
terial available to CONTROL 
ENGINEERING readers _ in 
convenient filable form. Single 
copies of any reprint can be ob- 
tained at the nominal cost listed 
below by circling the corrtes- 
ponding numbers on a reader 
service card, p. 163. Don’t send 
money with card, we will bill 
you later. For multiple copies 
write Reader Service Dept. 
Quantity rates will be quoted on 
request. 


507—Tips on the Use of Electromechan- 
ical Relays, 24 p. Compilation of five arti- 
cles presents practical information on the 
design, test, and use of relay control sys- 
tems. Topics covered include: testing relay 
electrical reliability, improving system relia- 
bility, narrowing relay differential, logical 
synthesis of systems, and verifying relay 
control circuits. 65 cents. 

506—What You Should Know About 
Adaptive Systems, 17 pp. Is there such a 
thing as an adaptive control system? 
What approaches have been taken? What 
does the future hold? These are the ques 
tions the author answers in this three 
article reprint, in sufficient detail and with 
sufficient references to provide a_ basic 
grounding in this latest area of control 
engineer interest. 50 cents. 

505—The Basics of Optimum Response 
Relay Servos, 17 pp. Three part series 
summarizes all of the important design 
techniques that have been used to op- 
timize the response of relay servos. The 
reprint describes the development of the 
optimum switching criteria, and outlines 
the progress that has been made in im- 
plementing this theory with hardware for 
second-order and higher-order systems. 
Extensive references provide a guide for 
further study. 50 cents. 

504—System Characteristics of Modern 
Guidance Techniques, August 1960, 22 
pp. In this special report five experts from 
three companies cover the system charac- 
teristics of inertial navigators, guidance ra- 
dars, Doppler radar techniques, modern 
techniques in celestial navigation, and per- 
ceptive guidance systems. 65 cents. 

503—How to Determine Stream Analy- 
zet Dynamics, 8 pp. This package of two 
articles shows how analyzers can introduce 
dynamic errors, how to determine analyzer 
dynamics, and how to improve perform- 
ance, The instrument used is a differential 
refractometer but techniques can be extra- 
polated to other types of analyzers. 40 
cents. 

(Continued on page 196) 
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Now you can read shaft 


positions to one second of arc 


directly 


with the Gurley 


W.&L.E.GURLEY - TROY, NEW YORK 


Complete information 
on the industries’ most 
ACCURATE pressure 
test instrument. 


PRESSURE RANGES 
0 to 15 P.S.i. 
Oto 100,000 P.S.I. 
ACCURACY 
0.1% full scale 
reading 
DIAL SIZES 
814” - 12” - 16” 
THERMAL STABILITY 
Absolute from 
—25°F to +125°F 
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Sees | §02—Survey of Dynamic Display Tech- 
3 capacities , . niques, 20 pp. The function of these 
newly developed techniques is to put up- 

to 1 ¢.f.m.— ; , ast ' *f | to-date information in the hands of human 
up to 24” ie ; — | operators of control systems when the 
vac. or 25 oad ot: information = at a high rate. Both 
cite be basic approaches and commercial hard- 

ey ipsa , ee, | ware oe dimond for cathode ray tube 
of motors; 2 ) 4 displays, optical systems, and miscellaneous 
a.c. end d.c. ‘ oa : devices ranging from TV pickup to matrix 

cells. 50 cents. 


GAST OIL-LESS MINIATURE | 501-Six_ Transducers for Precision 


Position Measurement, May 1960, 6 pp. 

Explains operation and gives practical ap- 

VACUUM PUMPS bat: COMPRESSORS plication hints for six precision position 

For Controls, Instruments, Lab and Business Machines transducers: — pin-and-pawl — mechanism, 

magnetic bench-mark system, _resolver- 

type transducer, electrostatic transducer, 

coded-disc devices, and diffraction gratings. 
30 cents. 

500—Ready Reference Data Files—I, 

II, Il, 76 pp. The feature here is a 


— from .35 


Have a portability problem? Or limited space? You can provide 
moderate vacuum or pressure of surprising capacity with these 
compact Gast Air Pumps! They're completely oil-less. Carbon 
vanes lubricate themselves. A/r is oil-free! Positive displacement 
rotary design is simple and dependable. Numerous motor choices: 
(1) Model 1030 (also 0630), 1/12 or 1/20 h.p. split phase. special rate for those who purchase all 
S — prs a to = h.p. split phase a.c. ‘ of the Data Files published in Controt 
(3) Mode’ , direct coupled to series motor a.c. or d.c. ENGINEERING through April 1960. The 
(4) Model 0330, coupled to shaded pole motor a.c. 36 esticles incheded a ns package eeiiee 
If your products require compact, light weight components, inves- analysis, design, and application short-cuts 
tigate Gast semi-miniature Air Pumps! for all phases of the control field. Every- 
WRITE TODAY FOR BULLETIN M-OVP one can use this timeless reference mate- 

Gast Manufacturing Corp.,P.O.Box 117-1, Benton Harbor, Mich. rial. $1.35. 


499—Ready Reference Data Files—III, 
as GAST rage 28 pp. Includes the third dozen Data 
ROTARY | oureraoes To 90 781, Files published in Contrrot ENcINEER- 
“Air may be your answer!” inc. Topics range from control of metal 
properties with eddy currents to electri- 
CIRCLE 219 ON READER SERVICE CARD cally signaled valve actuators to stabiliza 
tion of sampled data systems. 60 cents. 
ESS 498—Ready Reference Data Files—II, 
TRUE ‘Reece. re ae is 24 pp. Includes the second dozen data 
itaene i ee : files published in Controt ENGINEERING. 
DIFFERENTIAL ce Ea og SO Topics covered range from analyzing hy- 
DC TO 20 KC | pH seTVOs graphically to using silicon 
ee seagate art sh = diodes as protective devices. 50 cents. 
AMPLIFIER : go cette 497—Ready Reference Data Files—I, 
; ; i ; eae CRIES tags MESES 24 pp. A must for every control engineer's 
suglition ae cae hiaeinian: library. Includes the first 12 data files 
ISOLATOR combination: both | published in Conrrot ENGINEERING—a 
input to output isolation and | diversity of topics from system reliability 
circuitry to ground isolation. through the cost of industrial temperature- 
measuring systems. Each one gives a 
ee ny method of solving a particular problem. 
yaa } | 50 cents. 
496—How to Specify Instrument Ac- 
curacy, 8 pp. This basic reprint is aimed 
at helping the user and maker to develop 
clear and mutual agreement on allowable 
instrument errors. Discussions of un- 
certainties of zero, scale factor, and 
instantaneous slope aid in the intelligent 
specification of allowable errors and pre- 
ferred test procedures. 40 cents. 
495—Transparent Template for Design- 
ing Servo Compensators, November 1959, 
3 pp. plus template. Includes transparent 
decibel vs phase angle template on clear 
acetate in addition to three-page Data 
adjustable. Output +5 v at +30 preci yee File outlining development of template 
ma or +10 v at +20 ma. esting anolifier noc ge and showing its use through sample 
+50 ma by a simple disconnect. problem. 75 cents. 


494—How to Use the Root Locus in 








Amplifies DC to 20 kc signals from 
strain gages; thermocouples; resis- 
tive transducers and similar data 
acquisition systems. Input imped- 
ance: 100,0002. CMR 130 db to 
100 cps. Low noise: 10 pv to 20 kc. 
Gain: 10 to 1,000 continuously 





oops Control System Design, 12 pp. Another 
“The Source for ooers -&> COMPUTER ENGINEERING ASSOCIATES, INC. reprint that translates theory into practice 

ise-Tree 4 
Instrumentation” 350 North Halstead + Pasadena, California Eight simple rules make locus construc- 
Elgin 5-7121 tion easy, even including the effects of 


distance-velocity lags. Articles show how 
Write today for our Bulletin SCE-1 (Continued on page 198 ) 
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for mV and temperature measurements 


automatic potentiometer recorder 


type PR 2210 : ee 


laboratory accuracy in an industrial 
instrument 


switcheable measuring ranges in a single 
unit 
4 chart-speed finger-tip operation 

® all parts easily accessible 


®@ ample room provided for incorporation of 
supplementary gear 

@ simple and sturdy construction 

@ reliable performance even under the most 
severe conditions 


available: also with two-position or 
proportional control or for recording of 
up to 12 measuring points 


U.S.A.: Philips Electronics Inc., Instrument Division, 750, South Fulton Ave., MOUNT VERNON N.Y. 
Canada: Philips Electronics Ltd., 116 Vanderhoof Ave., TORONTO - Ontario 
Overseas inquiries: N.V. Philips’ Gloeilampenfabrieken - Eindhoven - Holland 


CIRCLE 220 ON READER SERVICE CARD 


Any Code Word Format is yours 
with EPC’s Time Code Generators 
and Search and Control Systems 








EPC’s unique modular approach to Time Code 
Generation and Tape Search Systems permits 
the use of any code format in your data system. 
Regardless of the application you deserve the 


Ultimate Flexibility of a System from 





P—=S hs. onG ae) recision 


< ORPORATION 


ARKADELPHIA 
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differential or | REPRINTS cont'd 


| . ; 
gauge pressure 
to interpret the locus diagram, how to 
quichly. ae dotemmnil transient response, and how to 
use locus techniques with multiloop sys 
tems. 45 cents. 
accurately. — 492 — Analysis Instrumentation — III — 


li bi | Electrochemical Methods, Mass Spectrom- 
etry, Continuous Viscometers, X-Ray 
reiia y | Techniques, K-Capture, Physical and 
Chemical Property Testers, Emission Spec- 
troscopy, 48 pp. Reprint includes last 
nine articles of Analysis Instrumentation 
Wallace & Tiernan Aneroid Dial A W&T Aneroid Dial Indicator ~— = oe ee 
ee ; —Analysis Instrumentation—II—Re- 
Indicators give you fast response, guarantees you: intents, ‘elieh hashes, Utne. 
high sensitivity, reliable » Accuracy 0.1% to 0.33% violet Analyzers, Colorimetry, 32 pp 
accuracy. * cates Oo, ‘ This includes the second group of four 
Sensitivity 601 m to 02% | articles of the Analysis Series. 60 cents. 
* Range 0-10” H20 to 0-500 489—Fundamentals of Multivibrators, 
p-s.i.g. 12 pp. Multivibrators are the electronic 
equivalent of the double-throw electrome 


Whether you're in testing, man- 
ufacture, or research, there’s a 


WAT Dial Indicator that’s ideal * Light weight, small size chanical relay and can perform substanti 
over a wide range of differential * Custom-calibrated dial ally the same functions (memory, logic, 


gating, counting), but at enormously higher 
speeds. They can be built around vacuum 
: . . ° tubes, transistors, square-loop magnetic 
TR. / . 
W&T Aneroid Dial Indicators are also furnished materials, neon tubes, thyratrons, and 
as compound gauges with zero center for measur- cryotrons. This reprint covers a broad 
ing both pressure and vacuum. selection of multivibrator circuits. 45 
cents. 
Find out how these reliable, easily read dial indi- 488—A Roundup of Control System 
cators save you man-hours. For full information a Equipment, 24 pp. ae con 
° . *}° ote rete > > > , > to 
on their convenience, adaptability, dependability, ee ee oe 


‘ : three classes: 1) devices that only generat« 
and other outstanding features, write Dept. A-129.28. a test signal, 2) systems that both disturb 


the system and provide a means for eval 
uating response, and 3) devices that only 
evaluate control system response. 60 cents 

487—Survey of Ac Adijustable-Speed 
Drive Systems, June 1959, 16 pp. Re« 
garded as constant speed devices, multi 
speed ac actuators actually take many efh 
cient forms. The recent resurgence of 
interest in these ac adjustable-speed sys 
tems prompted this comprehensive cover 
age of mapas, ge techniques, armature 
resistance control of wound-rotor motors, 
frequency changing, slip-frequency injec 
tion, and the use of eddy-current coup 
lings. 50 cents. 

486—A New Way to Select the Best 
Control Valve, 16 pp. This three-articlc 
reprint takes a fresh look at the problem 
of specifying process flow shinee 9 valves 
The author gives rules for selecting the 
right valve characteristics based on static 
and dynamic considerations, takes into ac 
count the influence of piping on valve per- 
formance, and tackles the problem of siz- 
ing valves for maximum flow and for con 
trol rangeability. 50 cents. 

485—Fundamentals of Tie-Motor Con- 
trol, 12 pp. Although high powered 
synchro-tie systems have been around 
for a long time, only recently has enough 
experience been logged to put their de- 
sign on a scientific, rather than cut-and 
try basis. This reprint examines the types 
of motors that can be used in the light of 
the application characteristics, and con 
siders - e special circuit designs that are 
required. 30 cents. 

WALLACE & TIERNAN INCORPORATED 484—Applying Phase-Plane Techniques 
to Nonlinear System Design, 16 pp. This 
series of three articles is designed to teach 

(Continued on page 201) 


or gauge pressures. * No corrections 





25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 
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Free engineers for creative assignments 
with the new low-cost IBM 1620 


The IBM 1620 Data Processing Sys- 
tem is a low-cost solution to the prob- 
lem of freeing engineers for their most 
creative and profitable assignments. 
Here’s why: 


EASY TO UsE—Just a two-day training 
class is all you need to put your 1620 
into operation. This means no delays in 
learning to use the 1620 computer. 


In addition, you get a wide range of 
free programming services including 
FORTRAN and GOTRAN. FORTRAN is the 
powerful scientific language that lets 
you solve problems without writing 
detailed computer instructions. GOTRAN 
is a simplified language (a sub-set of 
FORTRAN) that lets you enter simpli- 
fied problem statements and data into 


the computer with the solution immedi- 
ately available, in one simple operation. 
Fast—The 1620 solves a set of ten simul- 
taneous equations in only 20 seconds. 
It inverts a 10 x 10 matrix in just 42 
seconds. 


POWERFUL—The 1620 inverts a 40 x 40 


matrix. With optional additional core. 


storage the 1620 can handle matrix in- 
version problems of a much higher 
magnitude. 
GET FULL DETAILS—The 1620 is the most 
outstanding engineering and scientific 
computer in its price range. A basic in- 
stallation rents for just $1,600 a month. 
To learn how the 1620 can free you 
for more creative engineering work, 
call your local IBM representative. 


IBM's 1620is acompact 
desk-size computer. 


IB ® 


DATA PROCESSING 
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A RELIABLE PLUG-IN 


25 AMP RELAY 








More compact than 
most 10 amp relays 


? TAURUS 
F 7 j PUNCHED 
* CARD 
re SENSORS 
PIC 
M ASTE R oom : n 2 
CATALOG Statically 


#21 


Lists over 12,000 


PRECISION INSTRUMENT PARTS ‘ osine : 
and ASSOCIATED COMPONENTS Simple Switching Using 


Available From STOCK! Standard Punched Cards 


cs " ss i Taurus Punched Card Sensors statically 
GEARS * SHAFTS» COLLARS» CLUTCHES read entire standard |.B.M. or Remington 
BEARINGS» COUPLINGS ¢ DIFFERENTIALS Rand punched cards. 
¢ SPEED REDUCERS and many other Pre- Each hole position has a corresponding 
cision Engineered Parts closed switch, and each unpunched hole 
& Components, A position has a corresponding open 
switch when the Sensor is actuated. 
Send For Your Used for Automatic Test Equipment and 
other automation devices. 
Copy Today. Taurus also produces a complete line of 
Standoff and Feedthru Terminals insu- 


lated with Teflon’. “nec. 1.™. OF &. 1. OUFONT 
PIC DESIGN CORP. Write tor FREE Descriptive Literature 





With “Diamond H” Series W dpdt 
relays you can fit as many as fourteen 
25-amp circuits into a space measuring 
only 14%" x1%"x11"! 
Easy to install or remove—Spade ter- 
minals for socket or quick-disconnect 
installation. Solder terminals avail- 
able. 
Long, trouble-free service—Simple, 
functional construction with over- 
sized solid silver contacts and contact 
bar assure long-time, dependable 
switching. Series W relays have given 
well over a million cycles at a 15-amp 
load. 

SPECIFICATIONS 
CONTACTS: 

Arrangement —dpdt, double break, dou- 
ble make. Other arrangements and 
sequences. 

Load — 25 amp resistive, 120 or 240 V a-c 

25 amp ind., 120 V a-c (75% p.f.) 
12% amp ind., 240 V a-c (75% p.f.) 
1 hp 120 V a-c, 2 hp 240 V a-c 

25 amp resistive 28 V d-c 

MOUNTING: Panel, side or socket 
DIMENSIONS: 1)¢ x 14% x 1% inches. 
U/t APPROVAL: U/L File 31481 

COMPLETE DATA and specifications 

are available—new 8-page Relay Guide. 


~HART 


MANUFACTURING COMPANY 


165 Bartholomew Avenue, Hartford 1, Conn. 


Phone JAckson 5-3491 
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cna o BENRUS WATCH COMPANY, Inc 6 TAURUS corporation 


ACADEMY HILL 
LAMBERTVILLE, N. J. 


; CIRCLE 221 ON READER SERVICE CARD __ CIRCLE 222 ON READER SERVICE CARD 


COMPUTERS AND 
CONTROL SYSTEMS 


@ AIRBORNE DIGITAL EQUIPMENT 

@ NUMERICAL MACHINE CONTROL 
@ HYBRID ANALOG-DIGITAL SYSTEMS 
M ADVANCED TECHNIQUES 


Engineers and scientists needed with experience in all phases of 
analog and digital computer design. Systems organization, logical 
design, transistor circuitry, magnetic core and drum memories, 
input-output equipment, packaging. Also advanced techniques 
such as tunnel diodes and thin films. Applications include 
airborne digital equipment, numerical machine control, and 
hybrid analog-digital systems. Both commercial and military 
applications, emphasizing advanced development and research. 
We think you will find this work unusually stimulating and 
satisfying. Comfortable and pleasant surroundings in suburban 
Detroit. 
If interested, please write or wire A. Capsalis, 
Research Laboratories Division, The Bendix Corporation 
Southfield, Michigan. 


Research Laboratories Division 
SOUTHFIELD, MICHIGAN 


CONTROL ENGINEERING 





REPRINTS cont'd 





the use of phase-plane techniques to work- 
uug system designers, on a practical rather 
than theoretical basis. It tells how to con- 
struct a phase-plane plot, interpret a plot 
in terms of system performance, and syn- 
thesize nonlinear systems using phase- 
plane techniques. 50 cents. 

483—Economics in Control, December 
1958, 24 pp. A special report covering the 
economic aspects of modernizing with 
control systems. It starts off with a guide 
to the financial factors of modernization, 
then tells the control engineer how to 
spot opportunities where the addition of 
instrumentation and control equipment 
will earn money, and concludes with nine 
case histories showing specific benefits of 
modernizing with control systems. 50 
cents. 

482-Static Switching Devices—-New 
Tools for Industrial Control, May 1957, 
28 pp. An independent consultant an- 
alyzes the complete field of industrial 
static-switching systems. Starting off with 
a review of basic switching logic, he covers 
circuit characteristics of the fundamental 
devices, commercially-available systems, 
actual applications, etc. 50 cents. 

480—Selecting and Applying Control 
Timers, 24 pp. A compilation of four 
articles including a tabular description of 
timer functional parts, criteria for selecting 
and applying control timers, a tabular list- 
ing of available timer types and their char- 
acteristics and techniques for custom-de- 
signing controls for time-based routines. 
50 cents. 

478—Servo Modulators—Their Applica- 
tion, Characteristics, and Availability, 36 
pp. A group of four integrated articles 
covering all phases of electromechanical, 
electronic solid state, and magnetic modu- 
lators. Typical circuit diagrams, character- 
istics, and applications are given for each 
type, plus an 84-item bibliography and 
tables listing commercial units. 65 cents. 

477—Basic Data on Process Control, 24 
pp. A grouping of five articles on flow- 
process control, including Basic Concepts 
of Feedback Control, Selecting Loops for 
Critical Control, Direct or Reverse Con- 
troller Actions, Modifying Valve Charac- 
teristics to Fit the Process, and Using 
Capacitance for Accurate Level Measure- 
ment. 50 cents. 

476—How to Simulate Dead Time, 6 
pp. Three tricky techniques for simulating 
dead time or transport lag. One’s elec- 
tronic, another is pneumatic mechanical, 
and the third uses magnetic tape. A use- 
ful reference for control engineers con- 
cerned with process simulation. 15 cents. 


CONTROL BIT 


First thermoelectric generator in an 
industrial application was shipped to 
Northern Illinois Gas Company for 
the cathodic protection of pipelines 
and for recharging batteries of a mi- 
crowave relay system. Made by West- 
inghouse Electric Corp., the 100-watt 
generator burns propane gases. 
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COMMON MODE REJECTION 


| L= level d-c signals produced by 


strain gages or thermocouples 
are best amplified by differential 
input d-c amplifiers. A differential 
input d-c amplifier is one which 
measures the difference between two 
voltages regardless of the absolute 
value of the voltages. 

The schematic (Fig 1) shows a 
differential input amplifier, the dif- 
ference or differential mode voltage 
(E,), and the total voltage com- 
mon to both input terminals (termed 
the common mode, E,). 

ad 1.1 





E. 


5 « 








“Common mode rejection’’ 
(C.M.R.) refers to a differential 
input amplifier’s ability to measure 
E, without errors due to E,. It is 
proportional to the ratio of common 
mode voltage and the equivalent 
differential input voltage produced 
by the common mode voltage or 

C.M.R 


c 
~ E, due to E, 
Rejection is generally given for 
a-c as well as d-c common modes. 


x gain. 





Testing amplifiers 
for Common Mode Rejection 


To determine the C M.R. of a 
given differential input d-c ampli- 
fier, the input is shorted and con- 
nected to a source of common mode 
voltage as shown. Both d-c and a-c 
values should be applied and the 
amplifier output measured with de- 
vices of suitable sensitivity (Fig. 2). 
The C.M.R. is calculated by divid- 
ing the product of amplifier gain 
¥r meg SEL : FiG.2 | 





and common mode voltage by the 
observed output voltage due to the 
common mode voltage. Since some 
amplifiers suffer a decrease in gain 
with a common mode voitage, am- 
plifier gain should be checked with 
common mode voltage applied. 
When simulating a differential 
mode signal, care should be taken 
to provide an appropriate source of 
impedance oriented to ground in a 
manner similar to that of the actual 
transducer used. For information 


| showing these procedures in detail 
| write for Bulletin BE AN123. 


Less than 0.02% error 


Honeywell AccuData III Differ- 
ential Input D-C Amplifier is spec- 
ified to have common mode rejec- 
tion of 1,000,000 at d-c, 200,000 at 
60 cps, and 5,000 at 400 cps, with 
full scale differential input signal of 
10 mv. Maximum allowable com- 
mon mode voltages are 100 v d-c, 
15 v pk at 60 cps, and 3 v pk at 400 
cps. Adjustment of a C.M.R. bal- 
ance on the front panel compen- 
sates for up to 5 ohms unbalance in 
either input lead. Thus, either a 
1 v 60 cps or 5 v d-c common mode 
voltage applied to the AccuData III 
produces only 5 wv eq. in error 
signal, or less than 0.02% of the 
10mv full scale input signal. 


The AccuData III ‘has single- 
ended as well as differential input 
ranges, input itapedance of 2 meg- 
ohms differential (20 megohms 
single-ended), and power output 
sufficient to drive the highest fre- 
quency galvanometer oscillograph to 
its maximum deflection. In addition 
to excellent common mode rejec- 
tion, the unit offers exceptional zero 
stability and linearity, very low 
noise and frequency response to 20 
ke. For complete specifications on 
common mode rejection as well as 
on other characteristics of the Accu- 
Data III, write for Bulletin BS- 
DISA-3 to Minneapolis-Honeywell, 
Boston Division, Dept. 34, 40 Life 
Street, Boston 35, Mass. 


Honeywell 
OC 
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NEW A 
20 AMP 0-34 VDC 
Regulated POWER SUPPLY joins 


EASY SERVICE ACCESS CONVECTION COOLED— 
Dual-deck, swing-out back construction provides no blowers or filters— 

simple and fast service access without the need to remove 
unit from rack. All major component terminals 

are accessible from rear. 





maintenance free 

Advanced design and special, highly efficient, 
radiator type heat sinks eliminate internal blowers, 
maintenance problems, risk of failure, moving 
parts, noise and magnetic fields. Units are rated 
for continuous duty at 50°C ambient. 


No —¥ 


VOLTAGE 

SPIKES 

OR 

OVERSHOOT 
Lambda's design prevents 
output voltage overshoot on 
“turn on, turn off,” or 
power failure. 


GUARANTEED FOR FIVE YEARS 


MIL QUALITY Pics LA 50-03A without meters 0-34 VDC $395 
Hermetically-sealed magnetic LA 50-03AM_ with meters 0-34 VDC 425 


shielded transformer designed to MIL-T-27A quality LA 100-03A _ without meters 0-34 VDC 510 
and performance. Special, high-purity foil, LA 100-03AM_ with meters 0-34 VDC 540 
hermetically-sealed long life LA 200-03A without meters 0-34 VDC 795 
electrolytic capacitors. LA 200-03AM_ with meters 0-34 VDC 825 





COMPACT 
NO BLOWERS 





S AMP 3” HIGH 
10 AMP 7” HIGH 
20 AMP 10%” HIGH 





Lambda LA Series Powet Supplies are compact, convection cooled and 
rated for continuous duty at 50°C ambient temperature. 


LAMBDA Transistorized 5 and 10 AMP LA Series 








COMPLETE SPECIFICATIONS OF LAMBDA LA SERIES 


DC OUTPUT (Regulated for line and load) 


Model Voltage Range' Current Range*. Price 

0-34 VDC 0- 5A $395 

0-34 VDC 0- 5A $425 

0-34 VDC 0-10A $510 

0-34 VDC 0-10A $540 

0-34 VDC 0-20A $795 

0-34 VDC 0-20A $825 

'The output voltage for each model is completely covered in four steps 

by selector switches plus vernier control and is obtained by summa- 

tion of voltage steps and continuously variable DC vernier as follows: 

MODEL VOLTAGE STEPS 

LA 50-03A, LA 50-03AM — 2, 4, 8, 16 and 0-4 volt venier 

LA100-03A, LA100-03AM — 2, 4, 8, 16 and 0-4 volt venier 

LA200-03A, LA200-03AM — 2, 4, 8 16 and 0-4 volt venier 
*Current rating applies over entire output voltage range 


Regulation (line) ... Better than 0.05 per cent or 8 
millivolts (whichever is greater). 
For input variations from 100-130 
VAC, 

Regulation (load) ... Better than 0.10 per cent or 15 
millivolts (whichever is greater). 
For load variations from 0 to full 
load. 





Transient Response 
(line) .... . Output voltage is constant within 
regulation specifications for step 
function line voltage change from 


100-130 VAC or 130-100 VAC. 
Transient Response 


(load)... .Output voltage is constant within 
regulation specifications for step- 
function load change from 0 to 
full load or full load to 0 within 
50 microseconds after application, 

Internal Impedance ..._LA 50-03A less than .008 ohms 
LA100-03A less than .004 ohms 
LA200-03A less than .002 ohms 
Less than 1 millivolt rms with 
either terminal grounded. 

Either positive or negative ter- 
minal may be grounded. 


Ripple and Noise .... 


Temperature 
Coeffiicent 0.025 %/°C 


AC INPUT 100-130 VAC, 60 + 0.3 cycle? 

LA 50-03A....360 watts 

LA100-03A 680 watts* 

LA200-03A.. .1225 watts* 

*this frequency band amply covers stand- 

ard commercial power lines in the 

United States and Canada. 

‘with output loaded to full rating and 

input at 130 VAC. 
- 


AMBIENT TEMPERATURE 
AND DUTY CYCLE Continuous duty at full load up to 


50°C (122°F) ambient. 


OVERLOAD PROTECTION: 
Electrical Magnetic circuit breaker front 
panel mounted. Special transistor 
circuitry provides independent 
protection against transistor com- 
plement overload. Fuses provide 
internal failure protection. Unit 
cannot be injured by short circuit 
or overload, 
OG. cna cans Thermostat, manual reset, rear of 
chassis. Thermal overload indica- 
tor light front panel. 


INPUT AND OUTPUT 
CONNECTIONS Heavy duty barrier terminal block, 
rear of chassis. 8 foot, 3 wire de- 
tachable line cord. 

Voltmeter and ammeter on me- 
tered models. 


CONTROLS: 

DC Output Controls . . Voltage selector switches and ad- 
justable vernier-control rear of 
chassis. 

Magnetic circuit breaker, front 
panel. 

Remote DC Vernier . . . Provision for remote operation of 

DC Vernier. 

Provision is made for remote sens- 
ing to minimize effect of power 
output leads on DC regulation, 
output impedance and transient 
response. 


Remote Sensing 


PHYSICAL DATA: 


Standard 19” Rack Mounting 
LA 50-03A 3%” Hx 19” Wx 14%” D 
LA100-03A 7” Hxi9" Wx 14%"D 
LA200-03A 10%”Hx19"Wx16%"D 
LA 50-03A 55 lb Net 85 Ib Ship. Wt. 
LA100-03A 100 Ib Net 130 Ib Ship. Wt. 
LA200-03A 140lbNet 170 1b Ship. Wt. 
Panel Finish Black ripple enamel (standard). 
Special finishes available to cus- 
tomers specifications at moderate 
surcharge. Quotation upon request. 


Send for complete Lambda Catalog. 


LAMBDA ELECTRONICS CORP. 


515 BROAD HOLLOW ROAD, HUNTINGTON, L. Ll. NEW YORK 6516 MYRTLE 4-4200 
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CAREERS FOR: 
MECHANICAL ENGINEERS 
ELECTRO-MECHANICAL ENGINEERS 
APPLIED PHYSICISTS 

in research—development—design 


Opportunities exist at Bendix Research Laboratories for 
stimulating work in the following areas: Fluid Power 
Servo and Dynamic Analysis © Hydraulic and Pneumatic 
Servo Controls © Thermodynamics and Heat Transfer ¢ Hot 
Gas Devices * Material, Lubrication, Wear and Friction. 

You will find this work unusually stimulating and satisfy- 
ing. Comfortable and pleasant surroundings in suburban 
Detroit, with opportunity for advanced study at nearby 
universities. 


eS —— ia 
Tape Controlled Milling Machine Hydraulic Servo Motors 


If interested, please write or call (collect) A. Capsalis, 


Research Laboratories Division, The Bendix Corporation 
Southfield, Michigan. Phone: KEnwood 7-3300 


Research Laboratories Division 
SOUTHFIELD, MICHIGAN 








[SEARCHLIGHT SECTION = | 








BUSINESS OPPORTUNITIES 
EQUIPMENT 


USED or RESALE 


DISPLAYED RATES 

The advertising rate is $20.80 per inch for all 
advertising appearing on other than a contract 
basis. Contract rates quoted on request. 

AN ADVERTISING INCH is measured 7, Inch 
vert. on one col., 3 columns—30 in. to a page. 
EQUIPMENT WANTED or FOR SALE ADVER- 
TISEMENTE acceptable only in Displayed S.yl« 


UNDISPLAYED RATES 
$2.10 a line, min. 3 lines. To figure advance pay- 
ment count 5 average words as a line. 
BOX NUMBERS count as one additional line | 
undisplayed ads. 
DISCOUNT OF 10% if full payment is made in 
advance for four consecutive insertions of undis- 
played ads. 
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TUBES . 
RELAYS . 


and COMPONENTS 


If you PURCHASE ELECTRONIC TUBES or CuM- 
ou must have a copy of the NEW 
EENSHEET”’. 

mplete catal of specialized industrial 

ELECTRONIC TUBES and COMPONE ENTS. . .fea- 

turing BARRY ELECTRONICS savings to industry. 

Circle Reader Service Card #225 for your copy. 

Factory Authorized Distributors For: 

® Hevi-Duty Electric Co. Control Transformers 

® Cornell-Dubilier Capacitors 

© Westinghouse Special Purpose Tubes and 

Panel Meters 
® National Electronics Power Tubes 
— Laboratory Test —, 
large assorted inventory of 
dustrial Meters and Tube and "nelay Sockets. 
“tt YEARS OF BUYERS’ CONFIDENCE” 
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FOR SALE—RATE OF TURN TABLE 


Mfg. Genisco, model #S-347 
Brand new—never used. $1250.00 
Orig. cost: $2500.00 


Gil Dagenais 

1600 Angelus Avenue 
Los Angeles 26, Calif. 
Phone DUnkirk 2-1125 
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* 14 VOLT-DC POWER SUPPLY * 


@ BRAND NEW .. . IN ORIGINAL CASES © 
INPUT: 
115 Volts-60 


14 Volts @2 
Amps 
Filtered and 
Completely Housed 
Excellent for 


Industrial, Lab and 95 
Institutional use... i. 4° wcomolate 


% STEPPING RELAYS * 


Resertable 12 
voc coils, 3 
deck, 10 pos. 
w/add. 1A & 1B 
contact at reset 
position 


$995 


Aavance Evectronics 
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Expanding Opportunities in 


Industrial 
Instrumentation 
with R.1.G. 


The Ridgefield instrument Group, a 
division of the Schlumberger 
Corporation, is rapidly widening its 
research and production activities 
to include the abilities of more 
creative engineers and scientists. 


Challenging openings 
now exist for: 


ELECTRONIC DESIGN 
ENGINEER 


BS or MS/EE with a minimum of 5 
years experience in tube and transistor 
circuit design. You must have 

the ability to analyze continuous 

and pulsed circuits and be able 

to develop original designs. 


At RIG you will design advanced 
circuitry and control instruments and 
establish sub-system specifications. 
You must assume project responsibility 
through prototype stage. 


INSTRUMENT 
ENGINEER 


BS in either Mechanical or Chemical 
Engineering, Engineering Physics or 
Physical Chemistry with 3-5 years 
experience in instrument design and 
application for the process industries. 
You must have creative ability in 
reducing ideas, theory and inventions 
to practicality. You should have 
knowledge of selection, application 
and maintenance of process control 
instrumentation. 


send resume to 
Director of Engineering 
O. Box 337 


Ridgefield 
Connecticut 


Division of Schlumberger 











EMPLOYMENT OPPORTUNITIES 








Staff Assignments at all Levels 
IN NEW SERVO DEPARTMENT 


of Sylvania Waltham Laboratories 


The mission of this new department 
is to intensify and extend the com- 
pany’s already vigorous efforts to 
apply sophisticated concepts of servo 
technology to increasingly complex, 
large-scale electronic systems. Typical 
problems are concerned with creating 
a new and unprecedented degree of 
precision for artillery tracking radars 
and satellite tracking antennas. 





Positions are currently open at 
all levels of experience to men 


with BS, MS or PhD: 
SERVO SYSTEMS ENGINEERS 
SERVO CIRCUIT SPECIALISTS 


Transistor and vacuum tube 


SERVO ENGINEERS 
Instrument and servo 
transducers 


Servo engineers interested in associating themselves 
with a dynamic and growing professional group are 


invited to inquire. 


Write Mr. Robert T. Morton 


WALTHAM LABORATORIES 


SYLVANIA etectronic systems 


Government Systems Management 


for GENERAL TELEPHONE & ELECTRONICS 


100 First Avenue 


— Waltham 54, Massachusetts 








ELECTRICAL ENGINEERS 


Major consulting engineering 
company has several attractive 
staff positions available for elec- 
trical engineers with experience 
in design and development of 
control and relaying circuits, or 
in applications of computer sys- 
tems to automatic operations. 
Please indicate salary desired. 
All information supplied will 
be held in strict confidence. 
P-5844, Control Engineering 
Class. Adv. Div. P.O. Box 12, N.Y. 36, N.Y. 





SYSTEMS ANALYST 


THE ATOMIC ENERGY DIVISION OF PHIL- 
LIPS PETROLEUM COMPANY needs SYSTEM 
ANALYSTS in the fields of nuclear reactor 
dynamics, chemical process dynamics, analog 
computer design and operation, contro! sys- 
tems analysis and other related fields. This 
work is primarily theoretical, 
sound mathematical background. 


requiring a 


For information, write 


PHILLIPS PETROLEUM COMPANY 
Personnel Administration, 


P. O. Box 2067-El, idaho Falls, idaho 











ADDRESS BOX NO. REPLIES TO: Bow No. 
Classified Adv Di { this publication. 
Send to office nearest you. 
NEW YORK 36: P. 0. Box 12 
CHICAGO 11: 520 N. Michigan Ave 
SAN FRANCISCO §: 68 Poat 8t. 





SELLING OPPORTUNITY AVAILABLE 


Representatives desired by manufacturer of | 


Industrial Electronic Instruments and Con- 
trols. RW-5648, Control Engineering 





Your Inquiries to Advertisers 
Will Have Special Value... 


for you——the advertiser—-and the publisher, if you 
mention this publication. Advertisers value highly 
this evidence of the publication you read. Satisfied 
advertisers enable the publisher to secure more ad 
vertisers—and—more advertisers mean more infor- 
mation on more products or better service—more 
value—to YOU. 





ADVANCED SYSTEMS 
=r AND CONTROL 


ry $17,000 Per Year 
Reaponsibe ony! eae systems analysis, Sor 





n of 
ance and control for 2 to future cyotome. 
Dany expense. 
ESQUIRE PERSONNEL INC. 
202 S. State St. Chicago 4, 11. 














PROFESSIONAL 
SERVICES 


EXPERIENCED ENGINEER 


pode for pecificati 
tion of pneumatic and electronic instru- 
tati hemical plants. Work will 
include supervision of installation and 
trouble shooting. Employment will be in 
the central engineering office located in 
Westchester County outside of New York 
City. Degree required. J. W. Dees, Direc- 
tor of Employee Relations, 


STAUFFER CHEMICAL COMPANY 


380 Madison Avenue, New York 17, N. Y. 
OXford 7-0600 


























S. HIMMELSTEIN AND COMPANY 


Engineering * Consulting * Proposal Assistance 
Magnetic Recording Systems 
Computer Peripheral Equipments Transports, 
Drums, Dises, Photoreaders, Circuitry 
3300 West Peterson, Chicago 45 


IRving 8-9850 














SENIOR SERVO ENGINEER 
ible for Pn tie Serve C 
ANALYSIS AND DESIGN 
CHALLENGING OPPORTUNITY 
High Pressure Pneumatic Experience Preferred 





Division of Fairchild Engine & Airplane Corp. 
1800 Rosecrans Manhattan Beach, Calif. 
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CONTROL ENGINEERING 





PROBL IM ir. obtain precise resettable and repeatable 


mechanical rotation or shaft position providing a known variation 
of an electrical signal as typically required in setting param- 
eters of computers, laboratory test equipment, oscillographs, 
checking out pressure transducers, reading physical frequency in 


oscillators, etc. 


. ice REF. SIGNAL 
a _——n ——s a ——| POTENTIOMETER| ——> E out & 
ou 
. TRAIN COUPLING 


SOLUTION : TIC Packaged Precision Drives with built-in gear train, Minia- 
ture Flexible Anti-backlash Coupling and Precision Potentiometer, Resolver, Autosyn or Goniometer. 

This modular package provides an extremely accurate electromechanical assembly. The inner 
dial is connected directly to the output shaft. This permits rapid positioning of the output device. 
The outer vernier dial finely calibrated offers ratios from 10-1 to 100-1, easily read for exact 


positioning. 
The gear train of precision spring loaded gears and spring loaded ball bearings coupled to the 


output shaft assure accurate repeatable settings. 

Essentially no backlash within the rated torque output ranges. 
One step purchasing of complete modular assembly. 

One step assembly for production economy. 

Type DSD-2 Accuracy 6 min. of arc. 

Type DSD-3 Accuracy 12 min. of arc. 

Type DSD-4 Accuracy 6 min. of arc. 

Accuracies to 1.5 min. of are also available. 


Components are available separately. 





Detailed data sheets will be sent upon request. 


TECHNOLOGY INSTRUMENT CORPORATION 


523 Main Street, Acton, Massachusetts ° COlonial 3-7711 


CIRCLE 204 ON READER SERVICE CARD 





Longer Life! Superior Dependability! 


THE ALLEN-BRADLEY 


LINE of BULLETIN 700 
RELAYS [iS COMPLETE | 


j-— 
VAY wc wey “ THESE IMPROVEMENTS 
(Ca \ = 2m ARE IMPORTANT! 


These improved Bulletin 700 Type B 
and Type BX relays are establishing 
new standards for relay life and re- 
liability. New design increases me- 
chanical life by at least 5 times...a 
new contact motion insures at least 10 
times greater electrical reliability. 
Double break, silver contacts never 
need maintenance, and the new molded 
coil is impervious to the most severe 
atmospheric conditions. 

These new A-B relays—with their 
extra millions of trouble free operations 
at no increase in price—are a bargain 
in the relay field. Write for complete 
details, today. 









TYPE B general purpose relay 
shown with 2 N.O. and 2 N.C. con- 
tacts. Made with up to 8 poles in 
various arrangements. 


TYPE BX universal relay shown 
with 4 poles having both N.O. and 
N.C. contacts. Additional contacts on 
the 6 and 8 pole relays are N.O. only. 


NEW 
ENCLOSURES 


for the Bulletin 700 relays 

are styled by Brooks Stevens 

—internationally famous in- ; 
dustrial designer. Note the TYPE BR Bultetin 700 convertible contact relay ~ + rk a h 
“family” resemblance of shown with four poles. Made with up to six poles in line. : {7 the H | MG yi : 
these enclosures. ' > te a 








No other relay offers such simplicity in 2 


changing contacts from N.O. to N.C. 
NEMA Type 1 for general 


purpose applications with 
wrap-around cover for 
ready accessibility. It has a 
“quality” appearance. 


NEMA Type 4 enclosure 
for applications that require 
a watertight and weather- 
proof seal. 


NEMA Type 7 enclosure 
for NEC Class 1, Group D 
hazardous gas locations. 





ALLEN-BRADLEY 


Member 


(or vice versa) —it takes only 60 seconds! % we sid | et — 


A four pole unit provides any of the 
contact combinations otherwise avail- 
able only with five relays of the fixed 
contact type. You can reduce your relay 
inventories. In tests, this relay has 
proved it will provide many millions of 
trouble free operations. Double break, 
silver contacts never need servicing. 
Also, each relay can have one or two 
complete and full rated contacts added 
to its base—in the field—without in- 
creasing space requirements. If you 
don’t know about the Type BR relay, 
let’s get acquainted. 


of NEMA 


Allen-Bradley Co., 210 W. Greenfield Ave. Milwaukee 4, Wis. * In Canada: Allen-Bradley Canada Ltd., Galt, Ont 
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